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ABSTRACT 
Many streams that flow within Fort Bragg, North Carolina have been hypothesized to be 
adversely affected by excessive inputs offine sediment, especially sand. We monitored fish and 
benthic invertebrate assemblages for three years to assess variation in biotic integrity among 
streams. Because rates of sediment input could not be directly measured, we also monitored 
instream physical/chemical conditions and riparian characteristics to provide evidence for 
differences among streams in sedimentation and mechanisms responsible for variation in biotic 
integrity. 
In many streams that flow through agricultural or urban landscapes, or land subjected to 
logging, sediment enters streams from diffuse rather than localized sources. With the exception of 
urbanized areas, such land use practices are insignificant at Fort Bragg. Consequently, the 
dominant sources of sediment to streams in Fort Bragg were from localized sources, principally 
unpaved roads and large tracts of land maintained in a nearly devegetated condition for troop 
drop zones. In our study design, we focused on such potential sources of sediment in selecting 
study sites, and attempted to obtain sites representing a broad range of sediment input rates. 
Benthic invertebrates were monitored at 11 streams: Cypress Creek, Deep Creek, Flat Creek, 
Gum Branch*, Horse Creek, Juniper Creek*, McDuffie Creek*, McPherson Creek, Mill Creek, 
Puppy Creek*, and Rebel Run (an unnamed tributary of the Little River that drains the Sicily drop 
zone). At four of the streams (denoted above by an asterisk), sampling sites were located 
upstream and downstream ofa major unpaved road (Chicken or Plank Road) that was 
hypothesized to be a significant source of sediment. Therefore, a total of 15 sites were sampled 
for benthic invertebrates. Fish were also monitored at these sites, except that only the 
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downstream sites on McDuffie and Puppy Creeks were sampled. In addition, fish were collected 
at James Creek, Jumping Run Creek, and Tuckahoe Creek, for a total of 16 fish collection sites. 
Benthic invertebrates were sampled from the three dominant habitats present at the study 
sites: 1) the midchannel habitat, which was characterized by soft sediment, 2) the bank habitat, 
which was structurally more complex as it often included vegetation and root material, and 3) 
submerged wood (sometimes referred to as the "snag" habitat). We did not sample submerged 
wood directly. Rather, we attempted to characterize the invertebrate community found in this 
habitat by introducing bundles of pine logs to each study reach and removing invertebrates that 
colonized during the preceding six months. Fish were sampled from a 50-m section at each site. 
Each reach was enclosed by blocknets placed at the upstream and downstream boundaries. Each 
reach was first sampled in a downstream direction using a handheld seine. Following this, fish 
were collected using a backpack electroshocker while moving upstream through the reach. 
Samples were collected in the spring (usually April- May) and fall (October) for three 
consecutive years. On each sampling date, we also measured a variety of physical/chemical 
attributes concerning stream morphology, fish habitat and cover availability, stream bottom 
composition, streambank vegetation composition and stability, and water chemistry. 
Several lines ofevidence indicate that rates of sediment input to streams are substantially 
elevated at many locations in Fort Bragg. First, all streams with two study reaches separated by a 
potentially significant source of sediment (Chicken Road or Plank Road) had substantial increases 
in stream gradient (slope) downstream of these roads. Stream slope downstream of the road, 
relative to the slope upstream, increased by 840%,967%,936%, and 291% in Gum Branch, 
Juniper Creek, McDuffie Creek, and Puppy Creek, respectively. In the absence ofmarked 
changes in other parameters (e.g., discharge) between upstream and downstream sites, such 
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consistent, appreciable increases in stream slope can only be attributable to substantial increases in 
sediment load. Second, cross-sectional morphology was significantly less heterogeneous, as 
indicated by the Gini coefficient, downstream ofa suspected source of sediment input than 
upstream. Lower Gini values indicated that the stream channels were narrower and deeper at the 
upstream sites than downstream of Chicken and Plank Roads. Filling of a channel by sediment 
results is known to reduce cross-sectional heterogeneity. Finally, characteristics of the remaining 
sites suggest they all, to varying degrees, have experienced increased sedimentation. Such 
characteristics include sandy rather than silty stream bottoms, relatively high stream slope, 
relatively high current velocity, and low amounts of submerged wood. 
Principal components analyses of the physical/chemical data allowed the study sites to be 
objectively classified according to levels of sedimentation impact. Four categories of impact level 
were identified. Sites with relatively low levels of sedimentation included those upstream of 
major unpaved roads and the sites on James, Horse, and Tuckahoe Creeks. Sites showing 
intermediate levels of sedimentation included Flat, Deep, Mill, and Cypress Creeks, and the 
downstream site on Puppy Creek. High levels of sedimentation were evident at the downstream 
sites on Juniper and McDuffie Creeks and Gum Branch, and Jumping Run Creek. Finally, very 
highly impacted sites were represented by McPherson Creek and Rebel Run. 
Differences in the structure ofmacroinvertebrate and fish assemblages among stream sites 
were consistent with expectations, based on the physical evidence discussed above, that rates of 
sediment input have been substantially elevated at some sites but not others. We observed 
striking differences among study sites in the number of taxa present (Fisher's a), the number of 
EPT taxa, and macroinvertebrate and fish abundance. Two general patterns were evident. First, 
for many parameters, sites upstream ofa main road had significantly greater parameter values than 
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sites downstream of the road. Second, McPherson Creek and Rebel Run had significantly lower 
parameter values than all other sampling sites. These results are consistent with the evidence for 
relatively high rates of sediment input to sites downstream of main roads and to McPherson Creek 
and Rebel Run. 
Our results indicate that, in most cases, midchannel habitats were more severely impacted 
by sedimentation than were bank and log habitats. For example, midchannel taxa richness 
(Fisher's a) was reduced by over 2-fold in three out offour sites downstream ofmain roads 
relative to upstream sites, while taxa richness in the bank and log habitats did not differ between 
those sites. Midchannel taxa richness was lower in sites classified as low to intermediate levels of 
sedimentation than in the relatively unimpacted sites. The main exception to this pattern was that, 
in McPherson Creek and Rebel Run, all habitat types were adversely affected by sedimentation. 
Invertebrate taxa richness and invertebrate abundance on log bundles did not differ 
between sites upstream and downstream of a main unpaved road. Nonetheless, we conclude that 
wood habitat was strongly impacted by sedimentation at the downstream sites. Our log bundle 
samples are indicative of the invertebrate community that could be present on woody habitat at 
such sites, ifwoody habitat were available. However, our results indicate substantial reductions in 
the availability ofwoody habitat at downstream sites and other, similarly impacted sites. Effects 
ofthis reduction in woody habitat are reflected, in part, in our estimates ofwhole-reach 
invertebrate abundance, which take into consideration the amount ofwood habitat available to 
macroinvertebrates in study reaches. For example, although macroinvertebrate density on logs 
did not differ between upstream and downstream sites, whole-reach density was significantly 
greater in upstream sites. 
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We recommend that a stream monitoring program be established at Fort Bragg that 
focuses on abiotic (habitat) rather than biotic conditions. Such a program, which we describe in 
detail, would readily indicate changes (either improved or deteriorated conditions) in stream 
quality and would be very cost-effective. A habitat monitoring program could be supplemented 
by less frequent samples ofkey biotic parameters. For invertebrates, we recommend sampling of 
the rnidchannel habitat. Analyses should focus on EPT taxa, which appear to be very sensitive to 
sedimentation. Fish that may be indicative of stream quality in the Fort Bragg area include the 
banded pygmy sunfish, blackbanded sunfish, dollar sunfish, and creek chubsucker. These fish 
were found largely at relatively undisturbed sites. Two species, the eastern mudminnow and 
eastern mosquitofish, had very broad distributions and were the only species found at highly 
degraded sites (e.g., McPherson Creek and Rebel Run). Their presence and the absence ofother 




Excessive input offine sediment (sand, silt, clay) is considered the dominant form of 
nonpoint source pollution affecting streams and rivers in the United States today (USEPA 1990, 
Waters 1995). Because of the erosive force offlowing water, the presence offine sediment in 
streams is an entirely natural phenomenon. In fact, a dynamic "balance" normally exists in 
streams between the particle size and amount of sediment transported by a stream, and the 
discharge and slope of the stream (Gordon et al' 1992). A variety ofhuman activities can lead to 
abnormally high rates of sediment input, upsetting this balance and resulting in increased 
concentrations of sediment in the water column (i.e., increased turbidity) and increased deposition 
of sediment on the stream bottom. Both of these factors can have serious adverse effects on the 
biota and ecology of streams (reviewed in Ryan 1991, Cooper 1993, Waters 1995, Wood and 
Armitage 1997). 
The major anthropogenic sources of sediment to streams are: agriculture (especially row­
crop cultivation in floodplains and livestock grazing in riparian zones), forestry (with logging 
roads contributing far more sediment than other practices, including clear-cutting), mining, and 
urban development (Waters 1995). Ofthese, agriculture is by far the most significant source of 
anthropogenically-derived sediment. It has been estimated that agriculture contributes about 50% 
ofall sediment pollution in the United States (USEPA 1990). 
Several factors make it difficult to study the effects of increased sedimentation on stream 
communities in natural. settings. First, inputs of sediment to streams are often diffuse rather than 
localized. This makes identification ofpotentially impacted and relatively unimpacted reaches of 
stream problematic. A related problem is that inputs of sediment may often be associated with 
other sources ofpollution (e.g., plant growth nutrients such as nitrogen and phosphorus; 
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pesticides). This is especially likely to be true in watersheds where agriculture and urbanization 
are dominant forms of land use. In such situations, it may be difficult to separate effects of 
sedimentation from other factors. 
The vast majority of studies on the effects of sedimentation on fish and invertebrate 
assemblages have been conducted in stony-bottomed streams (Waters 1995, Wood and Armitage 
1997). The work ofChutter (1969) and Cooper (1987) are notable exceptions. Chutter (1969) 
hypothesized that increased inputs of sand and silt to soft-bottomed streams led to reduced 
substrate stability, which adversely affected the benthic invertebrate fauna. In general, whether 
sedimentation has comparable effects on the biota of soft-bottomed streams as in stony-bottomed 
streams, and the mechanisms responsible for those effects are deserving of additional study. 
Watersheds in Fort Bragg provided an opportunity to study effects of sedimentation on 
soft-bottomed stream communities in a setting where inputs of sediment should have been 
relatively localized and effects ofconfounding factors minimized. A variety ofland use practices 
at the installation were thought to affect rates of sediment input to some streams or stream 
segments on the base. The most significant sources of sediment were expected to be: 1) the 
construction and intensive use ofunpaved, sandy roads, especially where such roads intersected 
streams, and 2) the virtual devegetation oflarge tracts ofland for troop drop zones. Both of 
these sources result in relatively localized inputs of sediment that, because agriculture is not 
practiced in watersheds on the base, should not be associated with other potential pollutants (e.g., 
nutrients, pesticides). 
The use ofbiological communities in the direct assessment and monitoring ofwater 
quality has received increasing attention over the past three decades, and is now recognized as a 
sensitive and effective means to detect and monitor impacts ofhumans on aquatic ecosystems 
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(Karr 1991, Rosenberg and Resh 1993, Loeb and Spacie 1994, Davis and Simon 1995). 
Although there is considerable debate regarding the relative effectiveness of particular 
measurements that can be made on biotic communities is assessing the integrity ofaquatic 
systems, there is little argument regarding the efficacy ofbiotic criteria in assaying the status of 
aquatic systems. We sampled fish and invertebrate communities, in conjunction with 
measurements ofcritical habitat variables (Barbour and Stribling 1991, Barbour et al. 1995), at 
Fort Bragg, North Carolina to determine ifand to what extent streams within the installation were 
impacted by sedimentation. In this report, we discuss our findings for stream invertebrate 
communities and instream and riparian physical conditions. Results offish sampling were 
described in a previous report and are presented here in the Appendix C. 
STUDY SITES 
Preliminary visits to Fort Bragg and consultation with Natural Resources Division 
personnel suggested that sedimentation was primarily responsible for seriously impacting stream 
.communities at the installation. Several types of land use practice (e.g., construction activities; 
intensive use ofunpaved roads; devegetation of large areas for troop drop zones) provide 
numerous sediment sources (largely sand) to streams, especially during rain storms. We 
attempted to select study sites to represent a broad range of sediment input conditions. 
Sampling sites were largely third order streams, with the exception ofan unnamed 
tributary of the Little River (which we refer to as Rebel Run), which is a second order stream 
(Table 1). Larger streams were not sampled because they may integrate effects from two or more 
areas impacted to different degrees or by different agents. Only Juniper Creek had an 
impoundment in the watershed upstream ofits study sites. 
All sites are located within the Cape Fear River basin. Streams draining the northern side 
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ofthe installation (i.e., Cypress, McPherson, Deep, Mill, Flat, and Rebel Run) flow directly into 
the Little River, while the remaining streams, which drain the southern side of the installation, 
flow into Rockfish Creek or other tributaries of the Cape Fear River. Only one stream at Fort 
Bragg, Flat Creek, is continuously monitored for discharge by the USGS. It's hydrograph and 
physical characteristics of the watersheds suggest that the streams selected for study should have 
relatively stable flow, with discharge spikes associated with storm events. At four streams (Gum 
Branch, Juniper Creek, McDuffie Creek, and Puppy Creek), two study sites were established: one 
immediately upstream ofChicken Road (plank Road for McDuffie Creek) and the other 
immediately downstream of the road. Chicken Road and Plank Road were hypothesized to be a 
major source ofdisturbance (i.e., inputs of sand sediment), with the downstream site being 
adversely affected. Therefore, the two sites on a given stream can be considered a matched pair 
for statistical purposes. 
In addition to these main, unpaved roads, the streams differed markedly in other potential 
sources of sediment input. Several streams were crossed frequently by unpaved firebreak roads 
upstream of the study site (Table 1). Four ofthe streams had a drop zone within their watersheds 
(Table 1). Each ofthese streams was connected to a drop zone by one or more intermittent 
tributaries, permitting the transport of sediment from the drop zone to the stream during 
rainstorms. 
METHODS 
At each study site, we established a 15-m long study reach, within which all invertebrate 
and physical habitat sampling was conducted. Study reaches were generally located at least 15 m 
from the nearest road. At all sites except the downstream cites on Gum, Juniper, McDuffie, and 
Puppy creeks, study reaches were located upstream of the nearest road, to minimize possible 
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effects of the road on habitat characteristics and benthic communities. 
Benthic invertebrates 
Each study reach was sampled along three transects. Two major habitat types were 
sampled in each transect: each bank was sampled using a surber sampler (0.04 m2) and the 
mainchannel habitat was sampled using a core sampler (0.002 m2) one meter from each bank and 
in the center of the channel. Therefore, a total ofnine mainchannel habitat samples (3 
samples/transect x 3 transects) and 6 bank habitat samples (2 samples/transect x 3 transects) were 
taken in each study reach on a sampling date. Surber samples were transferred to 1 L jars and 
preserved with 95% ethanol. Excess water in the core sampler was decanted off through a 230 
Ilm sieve so that no animals would be lost. Core samples were transferred to 0.5 L jars and 
preserved with 95% ethanol. Bank and mainchannel habitat samples were not taken at Horse 
Creek. 
The third major habitat type available to benthic invertebrates in the study reaches was 
submerged wood (e.g., root snags, fallen trees). Several studies have indicated the importance of 
this habitat for invertebrate production in soft-bottomed, blackwater streams (Benke et al. 1984, 
Benke et al. 1985, Smock et al. 1985, Thorp et al. 1985, Meyer 1990). We attempted to 
characterize the invertebrate community found in this habitat by introducing bundles ofpine logs 
to each study reach and sampling invertebrates that colonized them. Each log bundle consisted of 
three pine branches (- 0.45 m in length) held together with wire. The circumference of each 
bundle was measured so that surface area could be estimated. Log bundles were anchored within 
each reach by attaching them by rope to either gallon milk jugs filled with sand or submersed tree 
roots. Bundles were generally placed near a bank. Beginning in June 1992, five bundles were 
placed in each reach. The location of each bundle was noted to facilitate relocating them on the 
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next sampling date. Log bundles were first sampled in October 1992. When sampled, a bundle 
was quickly lifted form the stream and immediately placed in a large plastic tub. Animals were 
removed by thoroughly rinsing the bundle in the tub using a wash bottle and stream water. 
Material collected in the tub was collected in a 230 J..l.m mesh sieve, transferred to a 0.5 L jar, and 
preserved with 95% ethanol. Bundles were replaced in the stream at their original locations. 
In the laboratory, macroinvertebrates were removed from samples using a dissecting 
microscope at lOx magnification. Excessively sandy samples were presorted by decanting off the 
organic materials containing most of the macroinvertebrates and then checking the remaining sand 
by eye for heavier individuals such as shelled and case-building invertebrates. Samples were 
generally sorted in their entirety. Occasionally, densities ofvery abundant taxa (e.g., 
Chironomidae) were estimated from subsamples. Invertebrates were identified to the lowest 
practical taxon (generally genus or species) depending on group. Three relatively abundant 
groups in the samples, chironomid midges (Diptera: Chironomidae), oligochaetes (Annelida: 
Oligochaeta) and nematodes (Nematoda) were identified to family, class, and phylum levels, 
respectively. 
Invertebrates were sampled in June and October 1992, April and October 1993, and May 
and October 1994. Log bundles were sampled on all dates except June 1992. In October 1994, 
midchannel and bank samples were taken only from the upstream and downstream sites on Gum, 
Juniper, McDuffie, and Puppy creeks. For statistical analyses, we considered samples taken in 
October to be from the "Fall", and all others to be from the "Spring". 
Stream habitat assessment 
A variety of parameters were measured at each study reach on all sampling dates to 
characterize the stream channel and riparian conditions ofthe study sites (Table 2). These 
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parameters can be divided into two general types: those that were measured on each sampling 
date only once (i.e., reach-level parameters) and those that were measured at each offive 
permanent transects established within each reach. The permanent transects were set about 
equidistant apart and were marked by rebar driven into the bank on each side of the stream. 
Reach-level parameters 
General flow (discharge) condition (high, moderate, low) was qualitatively assessed. 
Water temperature was taken with a mercury thermometer (with time noted), and pH was 
measured using an Orion model 230A pH meter. The proportion of each reach that could be 
classified, in order of decreasing current velocity and increasing water depth, as a riffle, run, glide, 
or pool was estimated using standard descriptions of these habitat types (Gordon et al. 1992). 
Riffles were considered to be regions having relatively fast current velocity, course substrates, and 
shallow depth, while pools had slow current velocity and relatively deep-water depth. The quality 
ofa stream reach as fish habitat was rated on a scale of 1 to 4 (1 = poorest). A' l' rating 
indicated a near absence ofhabitat for most species: shallow water, no pool structure, and little, if 
any, instream cover. A '4' rating indicated habitat suitable for a large diversity ofgame and forage 
fish, with a well-developed pool-riffle structure, relatively deep pools, and considerable instream 
cover. 
Bank vegetative stability and streamside cover were rated, ranging from 1-4, following the 
system ofPlatts et al. (1983) (see Table 3). The streambank was considered that portion of the 
channel that restricts lateral water flow. 
Canopy cover was visually estimated at each reach as the percentage of the water surface 
covered by vegetation < 1 m in height. Canopy density was not considered in this estimate. The 
percentage of the reach covered by living (i.e., macrophytes) or dead vegetation was estimated 
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visually. Total shading of the stream bottom was visually estimated as the percentage by which to 
total available light was reduced. This estimate considered shading due to canopy, channel 
vegetation cover, and bank height and slope, given the angle of the sun's path for the particular 
transect's compass angle and for the time of the year. 
The slope of the water surface in each reach was measured once during the study using 
standard survey equipment (i.e., an auto-level mounted on a tripod and a staff rod that could be 
read to the nearest 1116") and procedures. 
Parameters measured at permanent transects 
Channel width was measured between the existing water edges at each transect. At each 
bank, we measured water depth (= shore water depth), stream bank undercut, and vegetative 
overhang in inches according to Platts et al. (1983). Stream bank undercut was the distance to 
which water protruded under a bank. Overhanging vegetation was defined as any plant material < 
1 m above the water surface. Vegetative overhang was the distance that this material extended 
over the stream channel. Taller vegetation was considered to be part of the canopy. 
At five points along each transect (near each bank, in the center of the channel, and 
midway between the center and each bank) water depth and bankfull depth was measured to the 
nearest 1.5 cm using a standard wading rod, and mean free-stream current velocity was measured 
using a Marsh-McBimey 201D water current meter calibrated at each site prior to measurements. 
We used these measurements to estimate stream discharge at each transect. The mean of these 
values was used as an estimate of discharge in the reach. At each point, substrate particle size 
was classified using the Wentworth scale (Gordon et al. 1992) as one or a combination ofthe 
following: clay, silt, sand, gravel, cobble, boulder, or plant material. Substrate compaction was 
also measured at each point and was based on the degree to which one's foot, with little effort, 
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· penetrated the substrate (Table 3). 
The cross-sectional profile of the channel at each permanent transect was determined by 
first stretching a level line between the permanent transect markers. One of the markers was 
notched so that the line could be set at the same height on all dates. Beginning at the marker on 
the right bank (facing upstream), the distance from the line to the ground (for points outside the 
active stream channel) or stream bottom was measured to the nearest 1.5 cm with a standard 
wading rod at 15 cm intervals across the channel. At each point, we also noted whether wood 
was present in the stream either on the bottom or in the water column (e.g., a root snag). From 
each cross-sectional profile we estimated the height of the stream at bankfull by determining 
where marked changes in slope occurred when moving from the banks toward the channel 
(Gordon et al. 1992). Bankfull width was then estimated for each cross-sectional profile as the 
channel width at bankfull depth. 
Data analysis 
Community metrics 
We used several metrics to describe the structure of the macroinvertebrate community at 
the study sites. These included three measures ofbiodiversity (taxa richness, Fisher's a, 
Shannon-Weaver diversity index), total invertebrate abundance (by habitat and for the entire study 
reach), two measures ofbiotic integrity (the EPT index and the North Carolina Biotic Index), and 
a measure of the similarity among communities. These are described in more detail below. 
Biodiversity. Taxa richness was defined as the number of distinct macroinvertebrate taxa 
found at a study site. For each sampling date, we pooled over all samples taken at a site to 
estimate taxa richness for each habitat and for the entire study site (Le., all habitats pooled). 
These estimates of taxa richness are potentially biased by sample size. For example, 
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samples containing a large number of individuals may, by chance alone, have a greater number of 
taxa than samples containing fewer individuals. An unbiased measure of taxa richness is Fisher's 
a (Fisher et al. 1943, Rosenzweig 1995). Fisher et al. (1943) suggested that the number of 
species in a sample could be described by 
S = -a In(l - x) (1) 
where S is the number of taxa found in the sample (i.e., taxa richness), a is a constant that 
depends only on taxa richness, and x is a variable that depends on sample size. The variable x 
satisfies: 
SIN = [(x - l)/x] In(l - x) (2) 
where N is the total number of individuals in the sample. We solved for x using nonlinear 
regression in SYSTAT for Windows version 5 (Wilkinson 1992) and then solved for a in 
Equation 1. 
We also calculated Shannon-Weaver diversity (H'), which is defined as 
H' = L Pi In(Pi) (3) 
where Pi is the proportion of taxa i in the sample and the summation is taken over all i taxa. 
Thus, this index considers both the number of taxa in a sample and the equitability with which 
individuals are distributed among the taxa. 
Invertebrate abundance. Total invertebrate abundance (number ofindividuals/m2) was 
determined for each habitat sampled (midchannel, bank, log) and for the entire study site (i.e., 
each 15-m stream reach). To estimate total abundance in a study reach, we assumed that the 
density (number/m2) on log bundles was representative of that present on wood throughout the 
reach. We estimated the proportion of stream area in the reach comprised ofwood from the 
channel cross-section profiles taken at the five permanent transects in a reach. We defined the 
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bank habitat to consist ofa 0.3-m wide strip along each bank because the transition from bank to 
midchannel habitat occurred over a relatively short distance at all study sites. With these 
assumptions, midchannel area = total reach area - bank area - wood area. Total reach area = 
reach length (= 15 m) x mean channel width. Therefore, the density of all invertebrates in a reach 
was defined as: 
reach density (#/m2) = (E [(midchannel density)(midchannel area) + (bank density)(bank area) + 
(log density)(wood area)])/ reach area, where the summation is taken over all taxa. 
Indices ofbiotic integrity. We calculated two measures ofbiotic integrity commonly used 
to assess impacts of anthropogenic perturbations to stream ecosystems. The EPT index was 
simply the total number ofEphemeroptera (mayfly), Plecoptera (stonetly), and Trichoptera 
(caddistly) taxa found at a study site. These aquatic insect orders are generally considered to be 
among the most sensitive aquatic invertebrates to pollution in streams. 
The North Carolina Biotic Index (NCBI), as with other biotic indices, attempts to 
summarize information on the tolerance to pollution ofthe macroinvertebrate community found at 
a location. Each species is assigned a tolerance value (TV) that can range from 0 (highly 
intolerant ofpollution) to 10 (highly tolerant). The NCBI is then obtained from 
NCBI =(L (TVi)(Ni))/ L (Ni) (4) 
where TVj is the tolerance value of the ith taxa and Ni is the abundance of the ith taxa (Lenat 
1993). Tolerance values used in the NCBI have been developed specifically for taxa found in 
North Carolina streams, and therefore are intended to be most useful in assessing stream quality in 
North Carolina. Tolerance values used in the index are intended to be general measures of the 
tolerance oftaxa to pollution. Indices based on measures of tolerance to specific forms of 
pollution (e.g., heavy metals) may be more successful in detecting impacts if a specific type of 
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perturbation is expected. We used tolerance values presented in Lenat (1993) and in an 
unpublished document supplied by the North Carolina Division ofEnvironmental Management 
(D. R. Lenat, personal communication). For taxa that we could identify only to the family (or 
genus) level, we assigned a tolerance value that was the average of the tolerance values given for 
the species in the family (or genus). Some taxa could be identified to species when relatively 
mature (i.e., late instars), but only to genus or family when relatively immature (i.e., early instars). 
For these taxa, we assigned a tolerance value that was the average of the tolerance values for the 
species in the genus (or family) that were known, from our sampling, to occur at the installation. 
Community similarity. We compared the taxonomic composition of study sites using the 
Jaccard index of community similarity (J). This index is given by 
J = 2c/(a + b) (5) 
where c is the number of taxa that occur in both communities, a is the number of taxa found in 
one community, and b is the number of taxa found in the other community. The index ranges 
from 0 (no similarity) to 1.0 (complete similarity in species composition). 
Habitat metrics 
Habitat parameters measured in this study are listed in Table 2. In addition to these, we 
used data from the cross-sectional channel profiles to calculate a measure of channel cross­
sectional shape (the Gini coefficient) and a measure of change in channel shape (Olson-Rutz and 
Marlow 1992). The Gini coefficient (G) is the arithmetic average of the absolute difference 
between all possible pairs ofdepths: 
G = (L L IYj - X;I )/2n2 Yave (6) 
where the summations are taken over all i and all j, n is the total number of sampling points along 
a transect, and Yave is the average depth. The Gini coefficient approaches 0 when all depths are 
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equal and has a maximum value of 1. We used the change in G between the first and final 
sampling dates for each transect to assess changes in the cross-sectional morphology of the stream 
channels. 
Statistical analyses 
We tested for differences in community and habitat metrics (Gini coefficient and change in 
Gini coefficient) among sites using analysis ofvariance (ANOVA) with planned contrasts. For 
convenience in describing the planned contrasts, we refer to the four streams with both upstream 
and downstream study sites (i.e., Gum Branch, Juniper, McDuffie, and Puppy) as the PAIRED 
sites. All other sites will be referred to as UNPAIRED sites. The four planned contrasts that we 
examined were: 1) PAIRED (upstream) vs all others, 2) PAIRED (upstream) vs PAIRED 
(downstream), 3) PAIRED (downstream) vs UNPAIRED, and 4) (McPherson + Rebel) vs 
(UNPAIRED + PAIRED [downstream]). The first contrast tests for differences between the four 
PAIRED (upstream) sites and the other 10 sites (Horse Creek was not included in most analyses 
as only log samples were taken there). The second contrast tests for differences between the 
upstream and downstream sites in the four streams with two sampling sites. The third contrast 
tests for differences between the downstream sites in the streams with two sites and all other sites 
except the four, PAIRED (upstream) sites. The fourth contrast tests for differences between the 
McPherson Creek and Rebel Run sites and all other sites except the PAIRED (upstream) sites. 
There were strong correlations among many ofthe habitat parameters (Table 2) that we 
measured, which makes univariate analysis of each parameter inappropriate. Therefore, we used 
principal components analysis to transform the original set ofvariables into a new set of fewer 
uncorrelated variables. Because the principle components resulting from such an analysis are 
uncorrelated, they could be used to test for differences among sites in habitat and to examine 
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relationships between habitat parameters (i.e., the principal components) and community metrics. 
The principal components analysis was performed on the matrix of correlation coefficients 
between all habitat variables, as this allows variables measured on very different scales to be 
readily included in a single analysis. We used the broken-stick model (Jackson 1993) to 
determine the number of principal components that could be considered nontrivial and 
interpretable. Using this criterion, the first four principal components (pC 1 - PC4) were extracted 
from the matrix ofPearson product-moment correlation coefficients using the FACTOR module 
in SYSTAT. The four principle components were rotated using the orthogonal varimax method 
to aid in their interpretation. For each parameter, the mean value over all sampling dates was 
used in the analysis. The exception to this was for parameters that varied with discharge (i.e., 
discharge, current velocity, depth, maximum depth, shore depth, channel width, undercut bank). 
For these parameters, the mean value from the three fall sampling dates, in which discharge was 
judged to be "normal", was used in the analysis. 
We also performed a principal components analysis on the entire habitat data set (i.e., all 
sampling dates, with the qualifications noted above). We then performed an ANOVA, as 
described above, on the rotated principle components scores for each of the four principle 
components to test for differences among study sites in habitat parameters. 
We examined the relationship between habitat parameters (i.e., the four principal 
components) and community metrics using multiple linear regression. Dependent variables used 
in the regression analyses included Fisher's a for the midchannel, bank, and log habitats, 
Shannon-Weaver diversity (all habitats pooled), total macroinvertebrate density in a study reach, 
and EPT and NCBr values. For each dependent variable, we performed all possible simple and 
multiple regression analyses using the scores ofone or more ofthe four principal components as 
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the independent variable(s) (i.e., 24 = 16 possible regressions for each dependent variable). The 




Interpretation of the principle components. The principal components analysis of the 
habitat variables produced four readily interpretable ordination axes (Table 4). PC1 was highly 
correlated with parameters describing general characteristics of the instream environment, 
especially stream bottom composition and compaction, current velocity, the amount ofwood in 
the reach, and macrohabitat (e.g., run, pool). PC2 was correlated with factors associated with 
habitat diversity within the reach, such as width-to-depth ratio, fish habitat rating, and undercut 
banks. PC3 was strongly associated with characteristics of the stream bank: (bank vegetation 
stability and overhanging vegetation), and with stream slope. PC4 was positively correlated with 
measures of stream size (bankfull and channel width, discharge). 
PC1 and PC2 readily distinguished most of the stream study sites from each other (Fig. 
1). In particular, the four upstream sites in the streams with both upstream and downstream sites 
were strongly separated from all other sites on PC1 (Fig. 1). These upstream sites are distinctive 
by having stream bottoms largely comprised of silt rather than sand, low substrate compaction 
ratings, and slow current velocity. These sites had very low gradient (slope). In fact, there were 
significant differences in slope between upstream and downstream sites on the same stream, even 
though these sites were only separated by < 200 m (Fig. 2; paired comparisons t-test on arcsine­
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square root transformed proportions, t3 = 4.04, P = 0.027). Upstream sites also had greater 
amounts ofwood in the channel than downstream sites on the same streams (Fig. 3; ANaVA 
[planned contrast]: F1,51 = 67.91, P < 0.0001). 
Sites other than the PAIRED (upstream) sites were well separated on PC2 (Fig. 1). Rebel 
Run and McPherson Creek had strongly negative scores on PC2 and had very low fish habitat 
ratings, small bank undercut, and very lar~e width-to-depth ratios (Fig. 4). Sites such as Flat 
Creek and Puppy Creek (downstream) had relatively large positive scores on PC2, and had high 
fish habitat ratings and relatively large bank undercut (Fig. 4). 
There were highly significant differences among the stream study sites for each of the 
four principle components (Table 5). This analysis confirmed that the PAIRED (upstream) sites 
were significantly different from all other sites on PC1. The remaining 10 sites had similar scores 
on PCI (Table 5, Fig. 1). The PAIRED (upstream) sites were not significantly different from the 
other sites for PC2. Among the planned contrasts tested, significant effects were found only for 
the fourth contrast, which compared McPherson Creek and Rebel Run with all other sites except 
the PAIRED (upstream) sites (Table 5). Cypress Creek, Rebel Run, and Puppy Creek 
(downstream) had relatively large, positive scores on PC3 (indicating low amounts of overhanging 
vegetation and relatively low bank stability ratings), which largely accounted for the significant 
differences among sites observed for that principle component (Table 5). Planned contrasts 
indicated highly significant differences among sites on PC4 (i.e., stream size), but that Rebel Run 
and McPherson Creek did not differ significantly from the most other sites on this axis. 
Channel morphology. The cross-sectional shape of stream channels, as assessed by the 
Gini coefficient, differed markedly among sites (Table 6, Fig. 5). Among the PAIRED sites, 
upstream sites had significantly greater Gini values than downstream sites, indicating that their 
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cross-sectional profiles were more heterogeneous. Very low Gini values were observed for 
McPherson Creek (Fig. 5), which accounted for the higWy significant contrast between 
McPherson and Rebel Run and all other sites that were not PAIRED (upstream) (Table 6). 
McPherson Creek and, to a lesser extent, Rebel Run had higWy homogenous stream channels 
characterized by little diversity in depth and current velocity within or between transects. 
The change in Gini value between the first and last set ofmeasurements also differed 
. significantly among sites (Table 6). This largely resulted from a substantial increase in Gini values 
in Rebel Run over the course of the study (Table 6, Fig. 6). This indicates that cross-sectional 
profiles in Rebel Run became appreciably more diverse during the three years of observation. In 
all other study sites, there was little change in cross-sectional morphology over the course of the 
study. 
Community metrics 
Biodiversity. A total of over 320 macroinvertebrate taxa were collected by the 
quantitative sampling procedures over the course of the study (see Appendix A for a complete 
listing). This number would be substantially greater if three macroinvertebrate groups that were 
commonly collected, the Chironomidae (Diptera), oligochaete worms (Annelida), and nematode 
worms (Nematoda), had been identified to genus. 
There was over four-fold variation among study sites in the number of taxa observed on a 
given sampling date (Fig. 7). McPherson Creek and Rebel Run had relatively depauperate faunas, 
in terms of the number of taxa present, while the PAIRED (upstream) sites had relatively high 
taxa richness. There were also substantial differences among habitats in the number of taxa (Fig. 
8). Bank and log habitats had relatively high taxa richness, while considerably fewer taxa were 
present in the midchannel habitat. 
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Comparison of taxa richness among sites is potentially biased by differences among sites in 
sample size. Such variation in sample size can result from differences in the number of individuals 
collected and/or the number of samples that were obtained. Both of these factors were potential 
sources ofbias in this study. For example, the same number ofmidchannel and bank samples 
were taken at all sites on each sampling date. However, the number oflog samples varied among 
sites because some log bundles were often not recovered at some sites, either because they had 
been buried by sediment or had been swept downstream out of the study reach. Therefore, we 
used an unbiased measure of taxa richness, Fisher's a, for all statistical comparisons 
When data were pooled over all habitats sampled, Fisher's a varied significantly among 
study sites (Table 7, Fig. 9). All of the planned contrasts tested showed significant differences. In 
particular, two patterns were evident. First, Fisher's a was markedly lower in McPherson Creek 
and Rebel Run than in the other sites. Second, PAIRED (upstream) sites had significantly greater 
a than PAIRED (downstream) sites (Table 7). This pattern was not always observed when 
results from each of the habitats sampled were considered separately (Table 7, Fig. 10). In 
particular, differences in a between the PAIRED (upstream) and PAIRED (downstream) sites 
were highly significant only for the midchannel habitat (Table 7, Fig. 10). In general, upstream 
sites had substantially more taxa in the midchannel habitat than downstream sites. Rebel Run and 
McPherson Creek had significantly fewer taxa than the other sites in each of the habitats. 
For the midchannel habitat, variation in Fisher's a among sites was strongly correlated 
with PC1 (Table 8, Fig. 11). Recall that PC1 effectively separated the PAIRED (upstream) sites 
from the other sampling sites. This indicates that high midchannel taxa richness was associated 
with a silty (rather than sandy) stream bottom and relatively low current velocity. For the bank 
and log habitats, taxa richness (Fisher's a) was strongly correlated with PC2 rather than PC1 
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(Table 8). This indicates that high taxa richness in these habitats was found in sites characterized 
by relatively high overall instream habitat diversity. 
The Shannon-Weaver diversity index (H') was less effective than Fisher's a in detecting 
differences among sites in biodiversity. When data were pooled over all habitats, there were no 
significant differences in H' among study sites (Table 9, Fig. 12). When each habitat was 
considered separately, significant differences in H' were observed in all cases (Table 9). For the 
midchannel habitat, significant differences among sites were largely due to relatively low H' 
values observed in McPherson Creek (Table 9, Fig. 13). In contrast to the results for Fisher's a, 
significant differences in H' among sites in the bank and log habitats largely resulted from 
relatively low values in the PAIRED (upstream) sites. 
Macroinvertebrate abundance. For the entire study reach and for the midchannel habitat, 
there were highly significant differences among sites in total macroinvertebrate density (i.e., the 
total abundance ofall taxa collected) (Table 10, Figs. 14 and 15). At the reach scale and in the 
midchannel habitat, two patterns were evident. First, invertebrate density in McPherson Creek 
and Rebel Run was markedly lower than in most other sites (Figs. 14 and 15). Second, PAIRED 
(upstream) sites tended to have significantly greater invertebrate abundance than PAIRED 
(downstream) sites. Although the overall effect of stream study site was not significant for the 
bank and log habitats, planned contrasts revealed significant variation in invertebrate abundance in 
each habitat. In the bank habitat, the patterns observed at the whole-reach scale and in the 
midchannel habitat were also detected (Table 10, Fig. 15). In the log habitat, invertebrate density 
was significantly lower in Rebel Run than in the other sites, and it was relatively high in the 
PAIRED (upstream) sites, but abundance did not differ significantly between the PAIRED 
(upstream) and PAIRED (downstream) sites (Table 10). 
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Whole-reach density was positively correlated with PC2 and PC4, and negatively 
correlated with PCl (Table 11, Fig. 16). These relationships indicate strong positive correlations 
between overall habitat diversity and total macroinvertebrate abundance in a reach. 
Biotic integrity. When data were pooled over all habitats, highly significant differences in 
EPT values among sites largely resulted from very low values in McPherson Creek and Rebel Run 
(Fig. 17, Table 12). EPT values did not differ between PAIRED (upstream) and PAIRED 
(downstream) sites (Table 12). 
EPT values also varied significantly among sites in each habitat (Table 12). Midchannel 
EPT was very low in all sites except the PAIRED (upstream) sites (Fig. 18), and was significantly 
lower in the PAIRED (downstream) than in the PAIRED (upstream) sites (Table 12). 
EPT value in the midchannel habitat was positively correlated with PC2 and PC4, and negatively 
correlated with PCl (Table 13, Fig. 19). In general, EPT values were considerably greater in the 
bank and log habitats than in the midchannel habitat (Fig. 19). Major exceptions were McPherson 
Creek and Rebel Run, which had low values in all habitats. EPT values were significantly greater 
in PAIRED (upstream) than PAIRED (downstream) sites for the bank habitat but not for the log 
habitat (Table 12). 
The North Carolina Biotic Index (NCBI) was less effective than the EPT index in 
distinguishing among the study sites. Results described here included Chironomidae in the 
calculation ofNCBI values. Qualitatively similar results were obtained when the Chironomidae 
were excluded from NCBI determinations. When data were pooled over all habitats, significant 
differences in NCBI among sites largely resulted from relatively high values (= lower stream 
quality) observed for McPherson Creek and Rebel Run (Fig. 20, Table 14). As with the EPT 
index, strongest differences among sites in NCBI were observed in the midchannel habitat (Fig. 
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21, Table 14). Midchannel NCBI values were lower (= higher quality) in the PAIRED (upstream) 
sites than elsewhere, including the PAIRED (downstream) sites (Tables 14 and 15, Fig. 22). With 
the exception ofMcPherson Creek, there were not appreciable differences among sites in NCBI 
for the bank habitat, and NCBI values for the log habitat did not differ among sites (Fig. 21, Table 
14). In general, NCBI values were greatest in the midchannel habitat, lowest in the log habitat, 
and intermediate in the bank habitat (Fig. 21). This suggests that taxa inhabiting woody 
substrates were relatively more sensitive to perturbations than those found in midchannel areas. 
Community similarity. Using only the presence/absence of taxa and not taking abundance 
into consideration, upstream and downstream communities in the same stream were most similar 
in the bank and log habitats, and least similar in the midchannel habitat (Fig. 23). The midchannel 
habitat communities in each ofthe PAIRED (upstream) sites were less similar to the midchannel 
assemblages in the UNPAIRED sites than were the PAIRED (downstream) sites (Fig. 24). In 
other words, for the midchannel habitat, communities in the PAIRED (upstream) sites were much 
more similar to each other than to any of the other sites. When data were pooled over all habitats 
sampled, there were no appreciable differences in assemblage structure between PAIRED 
(upstream) and PAIRED (downstream) sites when compared with assemblages found in each of 
the UNPAIRED sites (Fig. 25: All Habitats). There was considerably less overlap in species 
composition in the faunas of the PAIRED sites with that ofMcPherson Creek and Rebel Run than 
with the other UNPAIRED sites (Fig. 25: All Habitats). For the midchannel habitat, faunal 
composition of the PAIRED (upstream) sites was much less similar to that found in each of the 




Evidence for increased sedimentation 
We provide strong evidence that land use at Fort Bragg has markedly increased rates of 
sand sediment input to many streams in the installation. Two lines of physical evidence 
concerning the morphology of stream channels leave little doubt that rates of sediment input are 
substantially elevated at many locations in the installation. First, all streams with two study 
reaches separated by a potentially significant source of sediment (Chicken Road or Plank Road) 
had substantial increases in stream gradient (slope) downstream of these roads. Stream slope 
downstream ofthe road, relative to the slope upstream, increased by 840%, 967%, 936%, and 
291% in Gum Branch, Juniper Creek, McDuffie Creek, and Puppy Creek, respectively. Such 
increases in slope are easily accounted for by the qualitative balance that is known to occur in 
stream channels between stream discharge (Q), sediment discharge (Qs - the mass of sediment 
moving past a point in the stream per unit time), the median sediment particle size (dso), and 
stream slope (S) (Lane 1955 in Gordon et al. 1992): 
Qs dso ~ QS (7) 
This relationship indicates that, if all other factors remain constant, an increase in sediment load 
(Qs), maintained over a relatively long period of time, should result in an increase in slope 
downstream ofthe source of sediment. If the left-hand side of the equation does not change (i.e., 
sediment load and particle size are constant), slope can only increase if discharge decreases. Our 
data indicate no difference in discharge between upstream and downstream reaches. Furthermore, 
it is not common for discharge to decrease while proceeding downstream. The fact that marked 
increase in slope were consistently observed in association with known potential sources of 
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sediment argues strongly that the process described in Equation 7, and not naturally occurring 
changes in gradient, is responsible for the changes in slope that we observed. 
A second, independent line of physical evidence for increased sedimentation comes from 
channel cross-sectional profiles at the PAIRED sites. Cross-sectional morphology was 
significantly less heterogeneous, as indicated by the Gini coefficient, downstream ofa suspected 
source of sediment input than upstream. Lower Gini values indicated that the stream channels 
were narrower and deeper at the upstream sites than downstream ofChicken and Plank Roads. 
Filling of a channel by sediment results in a reduction in Gini value (Olson-Rutz and Marlow 
1992). Therefore, this pattern also supports the hypothesis that Chicken and Plank Roads are 
significant sources of sediment to the streams that they cross. 
Several characteristics ofthe UNPAIRED sites (i.e., Cypress, Deep, Flat, McPherson, 
Mill, and Rebel Run) suggest that they all, to varying degrees, have experienced increased rates of 
sediment input. All of these sites had stream bottoms comprised largely of sand, rather than the 
predominantly silty, organically rich bottom characteristic ofmost of the PAIRED (upstream) 
sites. The stream slope at each of the UNPAIRED sites was greater than that of any ofthe 
PAIRED (upstream) sites. Current velocity tended to be greater at the UNPAIRED sites than at 
the PAIRED (upstream) sites. The amount ofwoody material in the channels available as habitat 
for macroinvertebrates and cover for fish tended to be greater in the PAIRED (upstream) sites 
than in the UNPAIRED sites. Two of the UNPAIRED sites, McPherson Creek and Rebel Run, 
shared a suite ofcharacters with the PAIRED (downstream) sites (e.g., high slope, sandy bottom, 
low Gini values), which suggests they have experienced greater rates of sediment input than the 
other UNPAIRED sites. 
Our results suggest that sources of sediment to streams in Fort Bragg are generally 
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localized rather than diffuse. For example, the evidence discussed above indicates that 
unimproved, sandy roads can be a major source ofhigWy localized sediment input. Furthermore, 
at almost all of the sites, we found no evidence for significant bank: instability, which, if present, 
could contribute to more diffuse inputs of sediment. Most stream banks were well vegetated and, 
therefore, should be resistant to erosion and should act to reduce rates of overland transport of 
eroded sediment into streams (Osborne and Kovacic 1993, Rabeni and Smale 1995). 
In addition to unpaved roads, a potential major source of sediment to streams in Fort 
Bragg is the large drop zone areas that have been essentially devegetated to facilitate certain 
training activities. Because Rebel Run drains the northern end of the Sicily drop zone, we would 
expect it to be strongly influenced by erosion from the drop zone. Streams also associated with 
drop zones, but less directly, include Deep (Sicily drop zone), Mill (Normandy drop zone), Flat 
(Normandy and Salerno drop zones), and Horse (Salerno drop zone). For these streams, impacts 
of the drop zones should be greatest on tributary streams, rather than the main stems that we 
studied. 
Therefore, it appears that the main sources of sediment to streams in Fort Bragg are 
unpaved main roads (e.g., Chicken Road), firebreak roads, and drop zones. Because of this, 
management practices that could reduce rates of sedimentation are relatively straightforward. 
However, we recognize that the implementation of such practices would require significant 
modifications to training practices at Fort Bragg, and, consequently, may not be easily 
undertaken. 
Impacts of increased sedimentation 
Differences in the structure ofthe macroinvertebrate community among stream sites were 
consistent with expectations, based on the physical evidence discussed above, that rates of 
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sediment input have been substantially elevated at some sites but not others. We observed 
striking differences among study sites in the number of taxa present (Fisher's a), the number of 
EPT taxa, and macroinvertebrate abundance. Two general patterns were evident. First, for many 
parameters, sites upstream of a main road had significantly greater parameter values than sites 
downstream of the road. Second, McPherson Creek and Rebel Run had significantly lower 
parameter values than all other sampling sites. These results are consistent with the evidence for 
relatively high rates of sediment input to the PAIRED (downstream) sites and to McPherson 
Creek and Rebel Run. 
Our results indicate that, in most cases, midchannel habitats were more severely impacted 
by sedimentation than were bank and log habitats. For example, midchannel taxa richness 
(Fisher's a) was reduced by over 2-fold in three out of four PAIRED (downstream) sites relative 
to upstream sites, while taxa richness in the bank and log habitats did not differ between those 
sites. Midchannel taxa richness was lower in the UNPAIRED sites than in the PAIRED 
(upstream) sites. The main exception to this pattern was that, in McPherson Creek and Rebel 
Run, all habitat types were adversely affected by sedimentation. With the exception of these 
streams, there were not appreciable differences in taxa richness in bank and log habitats between 
UNPAIRED and PAIRED (upstream) sites. 
It would be fallacious to conclude from these results that, because taxa richness and 
invertebrate abundance on log bundles did not differ between PAIRED (upstream) and PAIRED 
(downstream) sites, the wood habitat was not impacted by sedimentation in the PAIRED 
(downstream) sites. Our log bundle samples are indicative of the invertebrate community that 
could be present on woody habitat at such sites, ifwoody habitat were available. However, our 
results indicate substantial reductions in the availability ofwoody habitat at PAIRED 
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(downstream) sites and other, similarly impacted sites. Effects of this reduction in woody habitat 
are reflected, in part, in our estimates ofwhole-reach invertebrate abundance, which take into 
consideration the amount ofwood habitat available to macroinvertebrates in study reaches. For 
example, although macroinvertebrate density on logs did not differ between PAIRED (upstream) 
and PAIRED (downstream) sites, whole-reach density was significantly greater in upstream sites, 
in part because of the greater availability ofwood in those sites. 
For several community metrics, the downstream site at Puppy Creek did not appear to 
follow the pattern exhibited in the other PAIRED sites. For example, whole-reach density was 
greater downstream ofChicken Road than upstream in Puppy Creek (Fig. 16), while the opposite 
pattern was observed in the other three streams with upstream and downstream sites. Similar 
results were observed for midchannel invertebrate density (Fig. 15), midchannel a (Fig. 10), and 
the midchannel EPT (Fig. 18). However, these seemingly aberrant responses in Puppy Creek 
(downstream) are consistent with differences between Puppy Creek (downstream) and the other 
PAIRED (downstream) sites with respect to several habitat characteristics. Puppy Creek 
(downstream) scores on PC2 were greater than for the other PAIRED (downstream) sites (Fig. 
1), as evidenced by relatively high fish habitat ratings and large bank undercut (Fig. 4). Puppy 
Creek (downstream) also had appreciable amount ofgravel in midchannel areas, while the other 
PAIRED (downstream) sites had none. This should have contributed to the relatively high 
abundance and diversity of taxa observed in the midchannel habitat in Puppy Creek (downstream). 
Therefore, habitat diversity was greater in Puppy Creek (downstream) than in the other PAIRED 
(downstream) sites and many of the UNPAIRED sites. It is generally recognized that the 
diversity and abundance of species in a community is positively correlated with habitat diversity 
(e.g., Allan 1995, Rosenzweig 1995). Our results suggest that differences among sites in the 
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structure of their macroinvertebrate communities are quite consistent with differences among sites 
in key habitat characteristics. 
In summary, our results indicate that the macroinvertebrate communities in Rebel Run and 
McPherson Creek have been severely impacted by sedimentation. Slightly less impacted are the 
downstream sites on Gum Branch and Juniper and McDuffie Creeks. The bank habitat is still 
present at these sites while is has largely been eliminated, through filling of the channel with sand, 
in Rebel Run and McPherson Creek. Results from the midchannel habitat indicate that 
communities in Cypress, Deep, Flat, and Mill Creeks have been adversely affected by 
sedimentation, but not as severely as in the other streams. Finally, we did not detect appreciable 
effects of sedimentation in Puppy Creek. The upstream sites on Gum Branch and McDuffie 
Creek, and to a lesser extent Juniper Creek, appear to most closely represent the pristine 
condition to be expected in second and third order streams in the sandhills region. These latter 
sites appear to be excellent reference sites with which to assess the magnitude of impacts and the 
progress of restoration efforts at other sites. 
Recommendations for stream monitoring 
Our results indicate that the strongest impacts of sedimentation on the macroinvertebrate 
community in Fort Bragg streams are closely linked to affects on key habitat parameters. 
Therefore, we suggest that a simple, cost-effective monitoring program can be established at Fort 
Bragg that will readily indicate changes (either improved or deteriorated conditions) in stream 
quality. We advocate a monitoring program that focuses on abiotic (habitat) rather than biotic 
conditions in the streams. Such a program will be cost-effective because abiotic conditions are 
much less time consuming to monitor than are biotic conditions. 
Specifically, we suggest that habitat monitoring should follow protocols similar to those 
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described in this report, but greatly simplified to focus on parameters that are easily measured and 
strongly associated with macroinvertebrate community structure. At all sites selected for 
inclusion in the monitoring program, we advocate the establishment of three to five permanent 
transects, which will allow changes in channel morphology to be monitored. At each transect a 
level line should be stretched across the channel between the transect markers. The transect 
markers should be notched so that the line can always be placed in the same location. The 
following parameters should be measured at regular intervals (e.g., every 0.3 m) across the stream 
channel: substrate particle size (e.g., clay, silt, sand, gravel, etc.) and compaction, water depth, 
distance from the transect line to the stream bottom, and ifwood is present at the sampling point 
(either on the bottom or suspended above the bottom). At each bank, bank undercut and shore 
.water depth should be measured. Measurements should be made at each site once a year, 
preferably when the streams are at low flow (e.g., during the summer). It is more important that 
the sites be measured at the same flow conditions each year than at the same time. 
This habitat monitoring could be supplemented by periodic (e.g., every other year) 
sampling ofmacroinvertebrates in the midchannel habitat. At each site, 10-15 samples should be 
taken at random locations in the midchannel region using a coring device. Samples should be 
processed as describe in the Methods. We advocate sampling only in the midchannel habitat 
because that habitat is most directly affected by sedimentation and should show the strongest 
responses, as in our study. Analysis of these samples should focus on EPT taxa, as this index was 
quite effective in detecting impacts in the midchannel habitat and EPT taxa are, in general, easier 
to sort and identifY than other invertebrates common in midchannel areas. 
It may also be worthwhile to consider examination of samples for species that appear 
indicative of stream quality. Examination ofAppendix A suggests that few, if any, specific 
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invertebrate taxa could be used as indicators of pristine or degraded conditions. Aggregates of 
taxa, such as the EPT index, appear to be the most effect invertebrate indicators of stream quality 
at Fort Bragg. For fish, some species may be useful as indicators of either relatively undisturbed 
or highly disturbed conditions (Appendix B). The blackbanded sunfish, dollar sunfish, warmouth, 
creek chubsucker, and banded pygmy sunfish occurred largely at sites that were relatively 
unimpacted by sediment. Conversely, the eastern mudminnow and eastern mosquitofish were 
particularly tolerant of degraded conditions. Their presence, combined with the absence ofmost 
other taxa, appears indicative of very poor stream quality. It should be noted that fish are not 
easily sampled in most Fort Bragg streams. Very low water conductivity limits the effectiveness 
of electrofishing, while numerous obstructions in many streams limits the ease with which streams 
can be seined. Because the systems are relatively unproductive, fish populations are small, which 
increases the probability that a given species will not be detected in a sample. Because of this 
combination of factors, we do not recommend that fish sampling be incorporated in a monitoring 
program at Fort Bragg. 
Sites represented in the monitoring program should include reference sites (e.g., Gum 
Branch upstream ofChicken Road and McDuffie Creek upstream ofPlank Road) and sites where 
restoration efforts are planned or are being pursued. Streams on the installation naturally have 
relatively low gradients and, consequently, low stream power. Because ofthis, even if rates of 
sediment input are dramatically reduced, it could take many years for accumulated sediment to be 
flushed from impacted streams (see Alexander and Hansen 1986). Therefore, rapid improvements 
in stream quality should not be expected and, as a corollary, it should be recognized that the 
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Table 1. Characteristics of the streams where benthic invertebrate samples were taken. At Gum Branch, Juniper Creek, McDuffie 
Creek, and Puppy Creek, samples were taken upstream and downstream of the access road. At all other sites, samples were taken only 
upstream of the access road. Stream order designation for each sampling location considers headwater streams labeled as intermittent 
on 1:50,000 topographic maps to be first order. 
Presence of drop zone in watershed 
Stream Number of Distance to nearest 
Stream Sampling location order firebreaks Name permanent stream (kmt 
Cypress Creek At Manchester Road 3 2 None 
Deep Creek At Manchester Road 3 13 None 
Flat Creek OffBlues Rd. at Firebreak #9 3 10 Normandy; Salerno 0.75 
Gum Branch At Chicken Road 3 1 None 
Horse Creekb OffRaeford and Vass Rd. at 3 4 Salerno 1.25 
Firebreak #9 
Juniper Creek At Chicken Road 3 1 None 
McDuffie Creek At Plank Road 3 4 None 
McPherson Creek Downstream of tank wash 3 6 None 
Mill Creek At Manchester Road 2 12 Normandy 0.40 
Puppy Creek At Chicken Road 4 1 None 
Rebel Run At Manchester Road 2 1 Sicily 0.50 
a Distance from the edge of the drop zone to the mainstem via an intermittent stream. 
b Only log samples were taken at this site. 
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Percent of reach area with coarse substrate, much faster than 
average current velocity with obvious surface turbulence, 
and shallower than average water depth; estimated 
visually. 
Percent of reach area with somewhat faster than average 
current velocity with slight surface turbulence, and 
somewhat shallower than average depth; estimated 
visually. 
Percent of reach area with somewhat slower than average 
current velocity with little surface turbulence, and 
somewhat greater than average depth; estimated visually. 
Percent of reach area with slower than average current 
velocity with little ofno surface turbulence, and much 
greater than average water depth; estimated visually. 
Vertical distance from streambed to water surface; measured 
with staff rod to nearest 0.05 ft at 5 points along transect. 
Maximum vertical distance from streambed to water surface 
in a transect. 
Water depth at the point that the water touches the bank. If 
the bank is undercut, the measurement is made at the point 
where the streamside overhangs the channel. 
Distance at a transect between the water's edge at each bank 
Distance at a transect between the water's height at bankfull 
discharge. 
Channel width divided by the mean water depth in a transect. 
Mean free-stream current velocity measured at 5 points along 
transect with a Marsh-McBirney velocity meter. 
Volume ofwater flowing past transect per unit time; average 
ofmeasurements made at 3 transects. 
Slope of the water surface in the study reach; measured with 
an autolevel and staff rod. 
Fish habitat/cover 
See Table 3; estimated visually. 
Distance at each side of transect between maximum extent 
that streamside overhangs channel to the furthest point 
under the bank. 
At each bank, distance that streamside vegetation < 1 meter in 
height hangs over the channel. 
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Table 2 (continued). 














See Table 3; estimated visually. 
See Table 3; estimated visually. 
Stream bottom 
Percent of< 0.004 mm particles; visually estimated at 5 
points along transect. 
Percent of 0.004-0.062 mm particles; measured as above. 
Percent of 0.063-2 mm particles; measured as above. 
Percent of >2 mm particles; measured as above. 
See Table 1; estimated at 5 points along transect. 
Percent ofwood on stream bottom; measured at 0.5 ft 
intetvals along transect. 
Percent of stream bottom covered by macrophytes; estimated 
visually for entire reach. 
Percent of stream bottom shaded by riparian vegetation or 
instream vegetation and wood; estimated visually for entire 
reach. 
Percent ofwater surface covered by riparian vegetation> 1 m 
in height; estimated visually and by taking four readings 
with a spherical densiometer in the center of 3 transects in 
reach. 
Water chemistry 
pH of the water measured with Orion model 230A pH meter. 
Water conductivity (J,1S/cm) measured with YSI model 33 
portable conductivity meter. 
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Table 3. Criteria used in rating streambank vegetative stability, streamside cover, and stream 
substrate compaction (from Platts et al. 1983). 
RATING	 DESCRIPTION
 










>80% of the streambank surfaces are covered by 
vegetation in vigorous condition or by boulders and 
rubble. If the streambank is not covered by 
vegetation, it is protected by materials that do not 
allow bank erosion. 
50-79% of the streambank surfaces are covered by 
vegetation or by gravel or larger material. Those 
areas not covered by vegetation are protected by 
materials that allow only minor erosion. 
25-49% of the streambank surfaces are covered by 
vegetation or by gravel or larger material. Those 
areas not covered by vegetation are covered by 
materials that give limited protection. 
<25% of the streambank surfaces are covered by 
vegetation or by gravel or larger material. That area 
not covered by vegetation provides litle or no control 
over erosion and the banks are usually eroded each 
year by high water flows. 
The dominant vegetation is shrub. 
The dominant vegetation influencing the streamside 
and/or water environment is of tree form. 
The dominant vegetation is grass or forbs. 
>50% of the streambank transect line intercept has no 
vegetation and the dominant material is soil, rock, 




Table 3 (continued). 
C. Stream substrate compaction 
5 Solid; no penetration or movement of the substrate 
material. 
4 Solid surface, but slight movement within surrounding 
material. 
3 Foot sinks into the substrate < 2 inches. 
2 Foot sinks into the substrate ~ 2 but < 4 inches. 
1 Foot sinks into the substrate ~ 4 inches. 
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Table 4. Correlations between the rotated principal components and the original variables. For 
each variable, the mean value over all sampling dates was used in the analysis. Exceptions were 
for variables that varied with discharge: maximum depth, depth, current velocity, discharge, 
channel width, bankfull width, width-to-depth ratio, shore depth, and undercut bank. For these 
variables, only measurements made during the fall samples were used. The four principal 
components explained 83.1% of the variance. The amount ofvariance accounted for by each 
component was: PC1 28.0%, PC2 26.1%, PC3 15.9%, and PC4 13.1%. 
Variable PC1 PC2 PC3 PC4 
%Silt -0.970 0.074 0.013 0.028 
Substrate compaction 0.854 0.300 0.082 0.089 
%Run 0.850 -0.135 0.125 -0.101 
%Sand 0.833 -0.302 -0.346 -0.184 
%Wood -0.819 0.374 0.167 -0.165 
%Pool -0.735 0.234 0.554 -0.012 
Maximum depth -0.681 0.655 -0.175 0.140 
Current velocity 0.674 -0.343 0.240 0.147 
Depth -0.648 0.667 -0.233 0.023 
Overhanging vegetation 0.116 0.091 -0.923 0.007 
Bank vegetation stability 0.127 0.155 -0.833 0.326 
Slope 0.321 -0.391 0.771 -0.312 
%Gravel 0.282 0.499 0.698 0.376 
Width to depth ratio 0.286 -0.889 0.177 0.143 
Fish habitat rating -0.136 0.870 0.229 0.133 
Undercut bank 0.165 0.811 0.129 -0.173 
Conductivity 0.188 -0.809 0.214 -0.232 
Shore depth -0.171 0.633 -0.217 -0.098 
pH 0.342 -0.590 -0.024 0.007 
Discharge 0.036 0.532 -0.195 0.666 
Bankfull width -0.029 -0.160 -0.014 0.961 
Channel width 0.001 -0.086 -0.135 0.953 
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Table 5. Results ofanalyses ofvariance with planned contrasts of the rotated principle 
component scores for the 14 study sites. Data from both fall and spring habitat samples were 
used in the principal components analysis. The following abbreviations are used to describe the 
planned contrasts: P = paired sites, UNP = 




P(up) vs all others 1
 








P(up) vs all others 1 
P(up) vs P(dn) 1 
P(dn) vs UNP 1 
(M+R) vs (P(dn) + UNP) 1 
Error 28 
Site 13 
P(up) vs all others 1 
P(up) vs P(dn) 1 
P(dn) vs UNP 1 
(M+R) vs (P(dn) + UNP) 1 
Error 28 
Site 13 
P(up) vs all others 1 
P(up) vs P(dn) 1 
P(dn) vs UNP 1 
(M+R) vs (P(dn) + UNP) 1 
Error 28 
unpaired sites, up = upstream, dn = downstream, M = 






































































Table 6. Results of analyses ofvariance with planned contrasts for differences among stream 
study sites in the Gini coefficient and the change in Gini coefficient between October 1992 and 
October 1994. To perform the ANOVA ofGini coefficient values, the dependent variable was the 
mean Gini value from the 5 transects sampled at each site and date. For the analysis of the change 
in Gini values, the dependent variable was the difference in Gini values for each transect/site 
between 1992 and 1994. The following abbreviations are used to describe the planned contrasts: 
P = paired sites, UNP = unpaired sites, up = upstream, dn = downstream, M = McPherson Creek, 
and R = Rebel Run. 
Source df MS F P 
Date 
Site 
P(up) vs all others 
P(up) vs P(dn) 
P(dn) vs UNP 
(M+R) vs (P(dn) + UNP) 
Error 
Site 
P(up) vs all others 
P(up) vs P(dn) 
P(dn)vs UNP 





























Table 7. Results of analyses of variance with planned contrasts of differences among stream 
study sites in Fisher's a., an unbiased measure of the number ofmacroinvertebrate taxa present in 
the benthos. The following abbreviations are used to describe the planned contrasts: P = paired 





P(up) vs all others 
P(up) vs P(dn) 
P(dn)vs UNP 
(M+R) vs (P(dn) + UNP) 
Error 
Site 
P(up) vs all others 
P(up) vs P(dn) 
P(dn) vs UNP 
(M+R) vs (P(dn) + UNP) 
Season 
Site x Season 
Error 
Site 
P(up) vs all others 
P(up) vs P(dn) 
P(dn) vs UNP 
(M+R) vs (P(dn) + UNP) 
Season 
Site x Season 
Error 
Site 
P(up) vs all others 
P(up) vs P(dn) 
P(dn) vs UNP 
(M+R) vs (P(dn) + UNP) 
Season 
Site x Season 
Error 




































































Table 8. Results ofmultiple regression analyses of the relationship between habitat principle 

























































































































Table 9. Results of analyses ofvariance with planned contrasts of differences among stream study 
sites in Shannon-Weaver diversity (H'). The following abbreviations are used to describe the 
planned contrasts: P = paired sites, UNP = unpaired sites, up = 
McPherson Creek, and R = Rebel Run. 
Source df MS 
All habitats 
Site 13 0.135 
P(up) vs all others 1 0.021 
P(up) vs P(dn) 1 0.000 
P(dn) vs UNP 1 0.052 
(M+R) vs (P(dn) + UNP) 1 0.286 
Season 1 0.003 
Site x Season 13 0.029 
Error 22 0.110 
Midchannel 
Site 13 0.257 
P(up) vs all others 1 0.701 
P(up) vs P(dn) 1 0.273 
P(dn) vs UNP 1 0.132 
(M+R) vs (P(dn) + UNP) 1 0.977 
Season 1 0.000 
Site x Season 13 0.073 
Error 35 0.075 
Bank 
Site 13 0.210 
P(up) vs all others 1 0.585 
P(up) vs P(dn) 1 0.819 
P(dn) vs UNP 1 0.200 
(M+R) vs (P(dn) + UNP) 1 0.024 
Season 1 1.211 
Site x Season 13 0.052 
Error 35 0.089 
Log 
Site 12 0.277 
P(up) vs all others 1 0.143 
P(up) vs P(dn) 1 0.541 
P(dn) vs UNP 1 0.591 
(M+R) vs (p(dn) + UNP) 1 0.021 
Season 1 0.822 
Site x Season 12 0.074 
Error 37 






































Table 10. Results of analyses ofvariance with planned contrasts of differences among stream 
study sites in the total density ofmacroinvertebrates in entire study reaches and each habitat 
(midchannel, bank, and log). All values were transformed by 10glO (X+1) before analysis. The 
following abbreviations are used to describe the planned contrasts: P = paired sites, UNP = 
unpaired sites, up = upstream, dn = downstream, M = McPherson Creek, and R = Rebel Run. 
Source df MS F P 
Entire Reach 
Date 3 0.31 7.01 0.0009 
Site 13 0.31 6.99 <0.0001 
P(up) vs all others 1 0.76 17.46 0.0002 
P(up) vs P(dn) 1 0.43 9.80 0.0036 
P(dn)vsUNP 1 0.03 0.78 0.3842 
(M+R) vs (P(dn) + UNP) 1 1.19 27.12 <0.0001 
Error 33 0.04 
Midchannel 
Site 13 0.43 5.58 <0.0001 
P(up) vs all others 1 1.27 16.39 0.0003 
P(up) vs P(dn) 1 0.97 12.56 0.0011 
P(dn)vs UNP 1 0.01 0.01 0.9231 
(M+R) vs (P(dn) + UNP) 1 1.22 15.81 0.0003 
Season 13 0.47 6.04 0.0191 
Site x Season 13 0.05 0.67 0.7775 
Error 35 0.08 
Bank 
Site 13 0.29 1.90 0.0647 
P(up) vs all others 1 1.51 9.98 0.0033 
P(up) vs P(dn) 1 1.02 6.78 0.0135 
P(dn) vs UNP 1 0.01 0.05 0.8277 
(M+R) vs (P(dn) + UNP) 1 0.98 6.49 0.0154 
Season 13 1.55 10.22 0.0029 
Site x Season 13 0.03 0.21 0.9978 
Error 35 0.15 
Loga 
Site 13 0.42 1.86 0.0666 
P(up) vs all others 1 0.95 4.24 0.0463 
P(up) vs P(dn) 1 0.17 0.75 0.3904 
P(dn)vs UNP 1 0.54 2.42 0.1281 
(M+R) vs (p(dn) + UNP)b 1 3.50 15.63 0.0003 
Season 13 0.37 1.67 0.2035 
Site x Season 13 0.03 0.13 0.9998 
Error 39 0.22 
a Analysis of log samples includes data from Horse Creek, where only log samples were taken. 
bLog samples were not recovered from McPherson Creek. 
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Table 11. Results of multiple regression analyses of the relationship between habitat principal 
component scores and the total density ofmacroinvertebrates (#/m2) at each stream study site. 















Parameter T forRo: 
Variable Estimate Std. Error Parameter = 0 P 
Intercept 3.881 0.041 95.13 <0.0001 
PCl -0.086 0.042 -2.03 0.0699 
PC2 0.224 0.042 5.30 0.0003 
PC4 0.122 0.042 2.88 0.0163 
51
 
Table 12. Results of analyses ofvariance with planned contrasts of differences among stream 
study sites in EPT index values. The following abbreviations are used to describe the planned 
contrasts: P = paired sites, UNP = unpaired sites, up = upstream, dn = downstream, M = 
McPherson Creek, and R =
Source 
Site 
P(up) vs all others 
P(up) vs P(dn) 
P(dn) vs UNP 
(M+R) vs (P(dn) + UNP) 
Season 




P(up) vs all others 
P(up) vs P(dn) 
P(dn) vs UNP 




P(up) vs all others 
P(up) vs P(dn) 
P(dn) vs UNP 




P(up) vs all others 
P(up) vs P(dn) 
P(dn) vs UNP 































































































Table 13. Results ofmultiple regression analyses of the relationship between habitat principal 
component scores and the mean EPT index value observed for the midchannel, bank, and log 












































































































Table 14. Results ofanalyses ofvariance with planned contrasts of differences among stream 
study sites in North Carolina Biotic Index (NCBI) values. The following abbreviations are used to 
describe the planned contrasts: P = paired sites, UNP = unpaired sites, up = upstream, dn = 
downstream, M = McPherson Creek, and R =Rebel Run. 
Source df MS F P 
All habitats 
Date 4 0.579 3.55 0.0125 
Site 13 0.402 2.47 0.0113 
P(up) vs all others 1 0.522 3.20 0.0796 
P(up) vs P(dn) 1 0.000 0.00 0.9845 
P(dn) vs UNP 1 1.156 7.09 0.0104 
(M+R) vs (P(dn) + UNP) 1 3.272 20.08 <0.0001 
Error 50 0.163 
Midchannel 
Date 4 0.213 1.64 0.1799 
Site 13 0.557 4.30 0.0001 
P(up) vs all others 1 1.689 13.02 0.0008 
P(up) vs P(dn) 1 1.774 13.68 0.0006 
P(dn) vs UNP 1 0.111 0.86 0.3594 
(M+R) vs (p(dn) + UNP) 1 0.055 0.42 0.5183 
Error 45 0.130 
Bank 
Date 4 0.559 3.26 0.0198 
Site 13 0.464 2.70 0.0067 
P(up) vs all others 1 0.227 1.32 0.2559 
P(up) vs P(dn) 1 0.039 0.23 0.6355 
P(dn) vs UNP 1 0.141 0.82 0.3694 
(M+R) vs (p(dn) + UNP) 1 1.900 11.05 0.0018 
Error 45 0.172 
Log 
Date 4 1.071 4.67 0.0030 
Site 12 0.134 0.58 0.8448 
P(up) vs all others 1 0.044 0.19 0.6644 
P(up) vs P(dn) 1 0.196 0.85 0.3600 
P(dn) vs UNP 1 0.239 1.04 0.3131 
(M+R) vs (p(dn) + UNP) 1 0.007 0.03 0.8651 
Error 46 0.229 
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Table 15. Results ofmultiple regression analyses of the relationship between habitat principle 
component scores and North Carolina Biotic Index values for the midchannel, bank, and log 
habitats. 
A. Midchannel 
Source df MS F P 
Model 2 1.75 12.73 0.0014 
Error 11 0.14 
Model R2 : 0.698 
Parameter T forHo: 
Variable Estimate Std. Error Parameter = 0 P 
Intercept 7.15 0.10 72.24 <0.0001 
PC1 0.47 0.10 4.55 0.0008 
PC2 -0.22 0.10 -2.18 0.0523 
B. Bank 
Source df MS F P 
Model 2 0.99 4.88 0.0304 
Error 11 0.20 
Model R2 : 0.470 
Parameter T forHo: 
Variable Estimate Std. Error Parameter = 0 P 
Intercept 5.93 0.12 49.24 <0.0001 
PC2 -0.36 0.13 -2.87 0.0152 
PC4 0.15 0.13 1.23 0.2440 
C. Log 
Source df MS F P 
Model 1 0.31 2.26 0.1612 
Error 11 0.14 
Model R2 : 0.170 
Parameter T forHo: 
Variable Estimate Std. Error Parameter = 0 P 
Intercept 4.64 0.11 43.76 <0.0001 





Figure 1. Scores for the 14 study sites on PC1 and PC2 for habitat samples taken during the 
spring and fall. Stream study sites are abbreviated as follows: Cy - Cypress, Dp - Deep, Ft - Flat, 
Gd - Gum Branch (downstream), Gu - Gum Branch (upstream), Jd - Juniper (downstream), Ju­
Juniper (upstream), Md - McDuffie (downstream), Mu - McDuffie (upstream), Mc - McPherson, 
Ml- Mill, Pd - Puppy (downstream), Pu - Puppy (upstream), Rb - Rebel Run. 
Figure 2. Stream channel surface slope at the 14 study sites. Upstream and downstream sites on 
the four streams with paired sites are denoted by solid and open bars, respectively. All other sites 
are denoted by hatched bars. 
Figure 3. Percent (± SE) of the stream bottom comprised ofwoody habitat. Symbols as in Fig. 2. 
Figure 4. (Top panel) Fish habitat score, (middle panel) bank undercut, and (bottom panel) 
width-to-depth ratio at the 14 study sites. Data are means ± SE. Symbols as in Fig. 2. 
Figure 5. Gini coefficient values (mean ± SE) at the 14 sites. Larger values indicate more 
heterogeneous cross-sectional profiles. Symbols as in Fig. 2. 
Figure 6. The change in Gini coefficient (mean ± SE, N = 5) at the 14 study sites between 
October 1992 and May 1995. Symbols as in Fig. 2. 
Figure 7. The number of invertebrate taxa (mean ± SE) collected, pooling over all habitat 
categories, at the 14 study sites. Symbols as in Fig. 2. 
Figure 8. The number of invertebrate taxa (mean ± SE) collected in each habitat type at the 14 
study sites. No log samples were recovered from McPherson Creek. Symbols as in Fig. 2. 
Figure 9. Fisher's a (mean ± SE), pooled over all habitat types, at the 14 study sites. Fisher's a 
is an unbiased estimate of taxa richness. Symbols as in Fig. 2. 
Figure 10. Fisher's a (mean ± SE) in each habitat type at the 14 study sites. Symbols as in Fig. 2. 
Figure 11. The relationship between mean Fisher's a in the midchannel habitat and the scores of 
each study site on PC1. Symbols as in Fig. 1. 
Figure 12. Shannon-Weaver species diversity values (mean ± SE) at the 14 study sites. Values 
were calculated <?n data pooled over all habitat types. Symbols as in Fig. 2. 
Figure 13. Shannon-Weaver species diversity values (mean ± SE) in each habitat type at the 14 
study sites. Symbols as in Fig. 2. 
Figure 14. The estimated total density ofmacroinvertebrates (mean ± SE) in each of the 14 study 
reaches. Symbols as in Fig. 2. 
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Figure 15. The total density of macroinvertebrates (mean ± SE) in each habitat type in the 14 
study sites. Symbols as in Fig. 2. 
Figure 16. The relationship between the estimated mean total density ofmacroinvertebrates in a 
study reach and the scores of each site on PC2. Symbols as in Fig. 1. 
Figure 17. EPT index values (mean ± SE) for data pooled over all habitat types at the 14 study 
sites. Symbols as in Fig. 2. 
Figure 18. EPT index values (mean ± SE) for each habitat type in the 14 study sites. No EPT 
taxa were obtained in midchannel samples at Juniper (downstream) and Rebel Run. No log 
samples were recovered from McPherson Creek. Symbols as in Fig. 2. 
Figure 19. The relationship between midchannel EPT index values and the scores of each study 
site on PC1. Symbols as in Fig. 1. 
Figure 20. Values of the North Carolina Biotic Index (mean ± SE) at the 14 study sites. Values 
were calculated from data pooled over all habitats. The Chironomidae were excluded from the 
calculations. Symbols as in Fig. 2. 
Figure 21. Values of the North Carolina Biotic Index (mean ± SE) for each habitat type at the 14 
study sites. The Chironomidae were excluded from the calculations. No log samples were 
recovered from McPherson Creek. Symbols as in Fig. 2. 
Figure 22. The relationship between midchannel NCBI index values and the scores of each study 
site on PC1. Symbols as in Fig. 1. 
Figure 23. The Jaccard community similarity coefficient (mean ± SE, N= 8), comparing the 
community composition ofPAIRED (upstream) and PAIRED (downstream) sites in each habitat 
and for all habitats pooled. Results are for samples taken in the spring and fall, 1993. 
Figure 24. The Jaccard community similarity coefficient (mean ± SE, N = 12) for comparisons of 
the community composition ofeach of the PAIRED (upstream) sites with all UNPAIRED sites 
and each of the PAIRED (downstream) sites with all UNPAIRED sites. Results are for samples 
taken in the spring and fall, 1993. 
Figure 25. The Jaccard community similarity coefficient (mean ± SE, N = 8) for comparisons of 
the community composition of each of the UNPAIRED sites with all PAIRED (upstream) and all 
PAIRED (downstream) sites for all habitats pooled (top panel) and for the midchannel habitat 
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Appendix A. Sampling sites at which invertebrate taxa were collected at least once during the 
study. Site abbreviations are: Cyp = Cypress, McP = McPherson, Reb = Rebel, Hor = Horse, 
MDUp = McDuffie (upstream), MDDn = McDuffie (downstream), JnUp = Juniper (upstream), 
JnDn = Juniper (downstream), GmUp = Gum (upstream), GmDn = Gum (downstream), PpUp = 
Puppy (upstream), PpDn = Puppy (downstream). 
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CLASS ORDER FAMILY GENUS SPECIES Cy Deep Fla Mill McP Reb Hor MOUp MOOn JnUp JnOn GmU GmO PpUp PpOn 
Nematoda x x x x x x x x x x x x x x x 
Oligochaeta x x x x x x x x x x x x x x x 
Branciobdellida x 
Hirudinea x x x x x x x x x x x x x 
Nematomorpha x 
Coelenterata Hydra x x x x x x x 
Porifera x 
Platyhelminthes x x x x x x x x x x x 
Gastropoda Limnophila 
Gastropoda Limnophila Ancylidae x x x x x x x x x x x 
Gastropoda Limnophila Ancylidae Ferrissia x x x 
Gastropoda Limnophila Ancylidae Laevpex 
Gastropoda Limnophila Ancylidae Laevpex fuscus x 
Bivalvia Veneroidea Sphaeriidae x x x x x x x x x x x x 
Bivalvia Veneroidea Sphaeriidae Pisidium x x x x 
Bivalvia Veneroidea Sphaeriidae Sphaerium x x x x 
Arachnida x x x x x x x x x x x x x 
Acarina x x x x x x x x x x x x x x x 
Acarina Hydryphantidae Wandesia x x x x x x x x x x x x 
Crustacea Cladocera x x x x x x x x x x x x x 
Crustacea Copepoda x x x x x x x x x x x x x x x 
Crustacea Ostracoda x x x x x x x x x x x x x x 
Crustacea Amphipoda Gammaridae Gammarus x x x x x x x x x x x x 
Crustacea Isopoda Caecidotea x x x x x x x x x x x x x x 
Crustacea Decapoda Cambaridae x x x x x x x x x x x 
Crustacea Decapoda Cambaridae Cambarus x x x x x x x x x x x 
Crustacea Decapoda Palaemonidae Palaemonetes kadiakensis x 
Insecta Isoptera x 
Insecta Collembola x x x x x x x x x x x x x x x 
Insecta Collembola Isotomidae x x x x 
Insecta Collembola Isotomidae Isotomiella x 
Insecta Collembola Sminthuridae x x x x 
Insecta Collembola Hypogastruridae x x x x x x 
Insecta Collembola Hypogastruridae Harlomillsia x 
Insecta Collembola Entomobryiidae x x x x x x x x x x x x x x 
Insecta Collembola Onychiuridae x x 
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Insecta Collembola Poduridae Podura x x x 
Insecta Megaloptera COlydalidae x x x x x x x x x x x x x x 
Insecta Megaloptera COlydalidae Nigronia x x x 
Insecta Megaloptera COlydalidae Nigronia serricornis x x x x x x x x x x x x x 
Insecta Megaloptera Corydalidae Corydalus cornutus x x x x x 
Insecta Megaloptera Corydalidae Chauliodes pectinicornis x 
Insecta Megaloptera Sialidae Sialis x x x x x x x x x x x x x x 
Insecta Megaloptera Sialidae Sialis aequalis x x x x x x x 
Insecta Megaloptera Sialidae Sialis iola x x x 
Insecta Neuroptera Sisyridae Climacia areolaris x 
Insecta Odonata x x x x x x x x x x x x x x x 
Insecta Odonata Calopterygidae x x x x x x x x x x x x x 
Insecta Odonata Calopterygidae Hetaerina x x x x x x 
Insecta Odonata Calopterygidae Calopteryx x x x x x x x x x x x x x x 
Insecta Odonata Calopterygidae Calopteryx maculata x x 
Insecta Odonata Calopterygidae Calopteryx dimideata x x x x x 
Insecta Odonata Calopterygidae Calopteryx angustipennis x 
Insecta Odonata Coenagrionidae x x x x x x x x x x x x x x 
Insecta Odonata Coenagrionidae Argia x x x x x x x x x x x x x 
Insecta Odonata Coenagrionidae Argia translata x x x 
Insecta Odonata Coenagrionidae Chromagrion x 
Insecta Odonata Coenagrionidae Chromagrion canditum x 
Insecta Odonata Coenagrionidae Enallagma x x x x x 
Insecta Odonata Corduliidae x x x x x x x 
Insecta Odonata Corduliidae Somatochlora x x x 
Insecta Odonata Corduliidae Neurocordulia x· 
Insecta Odonata Corduliidae Neurocordulia virginiensis x x 
Insecta Odonata Corduliidae Helocordulia x 
Insecta Odonata Gomphidae x x x x x x x x x x x x x x 
Insecta Odonata Gomphidae Gomphus x x x x x x x 
Insecta Odonata Gomphidae Gomphus ivae x x x x x 
Insecta Odonata Gomphidae Gomphus carolinus x 
Insecta Odonata Gomphidae Gomphus parvidens x x 
Insecta Odonata Gomphidae Gomphus cavillaris x x 
Insecta Odonata Gomphidae Gomphus viridifrons x x 
Insecta Odonata Gomphidae Dromogomphus x x x x x x 
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Insecta Odonata Gomphidae Dromogomphus spinosus x x x x x x x 
Insecta Odonata Gomphidae Dromogomphus armatus x x x x 
Insecta Odonata Gomphidae Progomphus x x x x x x x x x x 
Insecta Odonata Gomphidae Hagenius brevistylus x x 
Insecta Odonata Cordulegastridae Cordulegaster x x x x x 
Insecta Odonata Cordulegastridae Cordulegaster fasciata/obliqua x 
Insecta Odonata Cordulegastridae Cordulegaster diastatops x x 
Insecta Odonata Cordulegastridae Cordulegaster maculata x x x x 
Insecta Odonata Aeshnidae x x x x x 
Insecta Odonata Aeshnidae Aeshna umbrosa x x 
Insecta Odonata Aeshnidae Boyeria x x x x x x x x x x x 
Insecta Odonata Aeshnidae Boyeria vinosa x x x x x x x x x x x 
Insecta Odonata Libellulidae x x x x x x x x x x x x 
Insecta Odonata Libellulidae Libellula x x x 
Insecta Odonata Libellulidae Sympetrum x 
Insecta Odonata Libellulidae Perithemis x x x x x 
Insecta Odonata Macromiidae x x x x x x x x x 
Insecta Odonata Macromiidae Macromia x x x x x x x 
Insecta Odonata Macromiidae Macromia taeniolata x x 
Insecta Plecoptera x x x x x x x x x x x x x x x 
Insecta Plecoptera Perlidae x x x x x x x x x x x x x 
Insecta Plecoptera Perlidae Phasganophora capitata x x 
Insecta Plecoptera Perlidae Beloneuria x x x x x x x x x x x x 
Insecta Plecoptera Perlidae Perlinella x x 
Insecta Plecoptera Perlidae Perlinella ephyre x 
Insecta Plecoptera Perlidae Perlesta x x x x x x x x x x x x x 
Insecta Plecoptera Perlidae Acroneuria x x x x x x x x x x x x 
Insecta Plecoptera Perlidae Acroneuria lycorias x x x x x x x x x x x x 
Insecta Plecoptera Perlidae Acroneuria arenosa x x 
Insecta Plecoptera Perlidae Acroneuria carolinensis x x x x x x x 
Insecta Plecoptera Perlidae Acroneuria mela x 
Insecta Plecoptera Leuctricidae Leuctra x x x x x x x x x x x x x x x 
Insecta Plecoptera Taeniopterygidae Taeniopteryx x x x x x x x x x x x x x 
Insecta Plecoptera Capniidae x x x 
Insecta Plecoptera Nemouridae x 
Insecta Plecootera Perlodidae x 
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Insecta Plecoptera Perlodidae Isoperla nana x X x x x x 
Insecta Diptera x x x x x x x x 
Insecta Diptera Chironomidae x x x x x x x x x x x x x x x 
Insecta Diptera Muscidae x 
Insecta Diptera Ephydridae x 
Insecta Diptera Syrphidae Chrysogaster x 
Insecta Diptera Dolichopodidae x 
Insecta Diptera Mycetophilidae x 
Insecta Diptera Tipulidae x x x x x x x x x x x x x x x 
Insecta Diptera Tipulidae Tipula x x x x x x x x x x x x x x x 
Insecta Diptera Tipulidae Hexatoma x x x x x x x x x x x x x x x 
Insecta Diptera Tipulidae Antocha x x X 
Insecta Diptera Tipulidae Limnophila x x x x 
Insecta Diptera Tipulidae Pilaria x x x x x x x x x x x x x x 
Insecta Diptera Tipulidae Dicranota x 
Insecta Diptera Simuliidae Simulium x x x x x x x x x x x x x x x 
Insecta Diptera Simuliidae Simulium slossonae x x x x x x x x x x x x x x x 
Insecta Diptera Simuliidae Cnefilia x 
Insecta Diptera Ceratpogonidae X x x x x x x x x x x x x x 
Insecta Diptera Ceratpogonidae Stilobezzia x x x x 
Insecta Diptera Ceratpogonidae Stilobezzia bulla x x x 
Insecta Diptera Ceratpogonidae Palpomyia cpx x x x x x x x x x x x x x x x 
Insecta Diptera Ceratpogonidae Atrichopogon x x x x 
Insecta Diptera Ceratpogonidae Atrichopogon websteri x x 
Insecta Diptera Ceratpogonidae Culicoides x x x x x x x 
Insecta Diptera Ceratpogonidae Alluaudomyia x x x x x x x x x x x x x x 
Insecta Diptera Ceratpogonidae Alluaudomyia splendida x x x x x x x 
Insecta Diptera Ceratpogonidae Dasyhelea x x x x x x x x x x x 
Insecta Diptera Ceratpogonidae Dasyhelea opressa x 
Insecta Diptera Ceratpogonidae Forcipomyia x x x x x x x 
Insecta Diptera Ptychopteridae Bittacomorpha clavipes x x x 
Insecta Diptera Tabanidae Tabanus x x x x x x x x x x x x x x 
Insecta Diptera Empididae x x x x x x x x x x x x x x x 
Insecta Diptera Empididae Hemerodromia x x x x x x x x x x x x x 
Insecta Diptera Empididae Chelifera x x x x x x x x 
Insecta Diptera Culicidae x x x x 
Page 87 
CLASS ORDER FAMILY GENUS SPECIES Cy Deep Fla Mill McP Reb Hor MDUp MDDn JnUp JnDn GmU GmD PpUp PpDn 
Insecta Diptera Culicidae Culex x 
Insecta Diptera Sarcophagidae x 
Insecta Diptera Ptychopteridae Bittacomorpha clavipes x 
Insecta Trichoptera x x x x x x x x x x x x x x x 
Insecta Trichoptera Leptoceridae x x x x x x x x x x x x x 
Insecta Trichoptera Leptoceridae Nectopsyche x x x x x x x x x x x 
Insecta Trichoptera Leptoceridae Nectopsyche candida x x x 
Insecta Trichoptera Leptoceridae Ceraclea x x x x x 
Insecta Trichoptera Leptoceridae Ceraclea maculata x 
Insecta Trichoptera Leptoceridae Oecetis x x x x x x x x x x x x x 
Insecta Trichoptera Leptoceridae Oecetis cinerascens x x x 
Insecta Trichoptera Leptoceridae Oecetis species A x x x x x x x x x x x x x 
Insecta Trichoptera Leptoceridae Oecetis avera x x x x x x x x x x x x x 
Insecta Trichoptera Leptoceridae Oecetis inconspicua x x x x x x x x x x x x x 
Insecta Trichoptera Leptoceridae Triaenodes x x x x x x x x x x x x x 
Insecta Trichoptera Leptoceridae Triaenodes tardus x x x x x x x x x x x x 
Insecta Trichoptera Leptoceridae Triaenodes abus x x 
Insecta Trichoptera Leptoceridae Mystacides sepulchralis x x x x 
Insecta Trichoptera Hydropsychidae x x x x x x x x x x x x x x 
Insecta Trichoptera Hydropsychidae Hydropsyche x x x x x x x x x x x x x x 
Insecta Trichoptera Hydropsychidae Hydropsyche decalda x x x x x x x x x x x 
Insecta Trichoptera Hydropsychidae Hydropsyche spama x x x x x x 
Insecta Trichoptera Hydropsychidae Hydropsyche etnieri 
Insecta Trichoptera Hydropsychidae Hydropsyche macleodi 
Insecta Trichoptera Hydropsychidae Arctopsyche irrotata x 
Insecta Trichoptera Hydropsychidae Depletrona modesta x x x x x x x x x x x x 
Insecta Trichoptera Hydropsychidae Macronema x x x x 
Insecta Trichoptera Hydropsychidae Macronema carolina x x x 
Insecta Trichoptera Hydropsychidae Cheumatopsyche x x x x 
Insecta Trichoptera Calamoceratidae Anisocentropus pyraloides x x x x x x 
Insecta Trichoptera Calamoceratidae Heteroplecton americanum x x x 
Insecta Trichoptera Molannidae Molanna blenda x x x x 
Insecta Trichoptera Molannidae Molanna uniophila x 
Insecta Trichoptera Hydroptilidae x x x x x x x x x x x x x x x 
Insecta Trichoptera Hydroptilidae Hydroptila x x x x x x x x x x x x x x 
Insecta Trichootera Hvdrootilidae Neotrichia x 
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Insecta Trichoptera Hydroptilidae Mayatrichia ayama x x x x x X 
Insecta Trichoptera Hydroptilidae Oxyethira x x x x x 
Insecta Trichoptera Phryganeidae Phryganea sayi x 
Insecta Trichoptera Phryganeidae Agrypnia improba x 
Insecta Trichoptera Philopotamidae x x x x x x x x 
Insecta Trichoptera Philopotamidae Wormaldia x x x x x x 
Insecta Trichoptera Philopotamidae Chimarra x x x x x x x 
Insecta Trichoptera Philopotamidae Dolophilodes x 
Insecta Trichoptera Brachycentridae x x x x x x 
Insecta Trichoptera Brachycentridae Brachycentrus x x x x x 
Insecta Trichoptera Polycentropodidae x x x x x x x x x x x x x 
Insecta Trichoptera Polycentropodidae Phylocentropus x x x x x x x x x x 
Insecta Trichoptera Polycentropodidae Nyctiophylax x x x x x x x x x x x 
Insecta Trichoptera Polycentropodidae Polycentropus x x x x x x x x x x x x x 
Insecta Trichoptera Polycentropodidae Neuroclipsis x x x x x x x x x x x x 
Insecta Trichoptera Lepidostomatidae Lepidostoma x x x x x x x x x x x x x 
Insecta Trichoptera Lepidostomatidae Theliopsyche x x 
Insecta Trichoptera Rhyacophilidae Rhyacolphila glaberrima x x 
Insecta Trichoptera Phryganeidae x 
Insecta Trichoptera Psychomyiidae x x x x x x x x x x x x 
Insecta Trichoptera Psychomyiidae Lype diversa x x x x x x x x x x 
Insecta Trichoptera Psychomyiidae Psychomyia x 
Insecta Trichoptera Limnephilidae x x x x x x x x x x x 
Insecta Trichoptera Limnephilidae Pycnopsyche x 
Insecta Trichoptera Limnephilidae Hydatophylax argus x x x x 
Insecta Trichoptera Sericostomatidae Agarodes x x 
Insecta Trichoptera Odontoceridae x x x 
Insecta Trichoptera Odontoceridae Psilotreta x x 
Insecta Ephemeroptera x x x x x x x x x x x x x x x 
Insecta Ephemeropt LeptopWebiidae Paraleptophlebia X X X X X X X X X X X X x 
Insecta Ephemeropt Ephemerellidae x x x x x x x x x x x x x x 
Insecta Ephemeropt Ephemerellidae Danella 
Insecta Ephemeropt Ephemerellidae Eurylophella x x x x x x x x x x x x x x 
Insecta Ephemeropt Ephemerellidae Eurylophella verisimilis x 
Insecta Ephemeropt Ephemerellidae Eurylophella bicolor x 
Insecta Eohemeroot Eohemerellidae Attenella attenuata x x x x x x x x x 
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Insecta Ephemeropt Siphlonuridae x x x x x x x x 
Insecta Ephemeropt Baetidae x x x x x x x x x x 
Insecta Ephemeropt Baetidae Baetis x x x x x x x 
Insecta Ephemeropt Baetidae Baetis ephippiatus x x 
Insecta Ephemeropt Baetidae Baetis pygmaeus x x x x x x x x 
Insecta Ephemeropt Baetidae Baetis frondalis x x x x x x x 
Insecta Ephemeropt Baetidae Baetis propinquus x x x x 
Insecta Ephemeropt Baetidae Baetis macdunnoughi x x x 
Insecta Ephemeropt Baetidae Pseudocloeon x x x x x x x x x x x x 
Insecta Ephemeropt Heptageniidae x x x x x x x x x x x x x 
Insecta Ephemeropt Heptageniidae Stenonema x x x x x x x x x x x x x 
Insecta Ephemeropt Heptageniidae Stenonema smithae x 
Insecta Ephemeropt Heptageniidae Stenonema femoratum x x x x x x x x x x x 
Insecta Ephemeropt Heptageniidae Stenonema modestum x x x x x x x x x x x x x 
Insecta Ephemeropt Heptageniidae Stenonema integrum x 
Insecta Ephemeropt Heptageniidae Stenonema terminatum x x x 
Insecta Ephemeropt Heptageniidae Stenonema exigium x x 
Insecta Ephemeropt Heptageniidae Stenacron x x x 
Insecta Ephemeropt Heptageniidae Stenacron interpunctatum x x 
Insecta Ephemeropt Ephemeridae Hexagenia x x x x x x 
Insecta Ephemeropt Ephemeridae Hexagenia limbata x 
Insecta Ephemeropt Metretopodidae Siphloplecton x x x x x x x x x x x 
Insecta Coleoptera x x x x x x x x x x x x x x x 
Insecta Coleoptera Elmidae x x x x x x x 
Insecta Coleoptera Elmidae Microcylloepus pusillus x x x x x 
Insecta Coleoptera Elmidae Stenelmis x x x x x x x x x x x x x 
Insecta Coleoptera Elmidae Stenelmis hungerfordi x x x x x x 
Insecta Coleoptera Elmidae Stenelmis sinuata x x x x x x x x x 
Insecta Coleoptera Elmidae Stenelmis vittapennis x x x x x x x 
Insecta Coleoptera Elmidae Stenelmis humerosa x x x x x x x x 
Insecta Coleoptera Elmidae Ancyronyx variegatus x x x x x x x x x x x x x x 
Insecta Coleoptera Elmidae Dubiraphia x x x x x x x x x 
Insecta Coleoptera Elmidae Dubiraphia quadrinotata x x x x 
Insecta Coleoptera Elmidae Dubiraphia bivittata x x x 
Insecta Coleoptera Elmidae Dubiraphia vittata x x x x 
Insecta Coleoptera Elmidae Oulimnius latiusculus x 
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Insecta Coleoptera Elmidae OptioselVUs x x x x x x x x 
Insecta Coleoptera Elmidae Promoresia x x x x x x x x x x x x 
Insecta Coleoptera Elmidae Promoresia tardella x x x x x x x x x x x x 
Insecta Coleoptera Elmidae Promoresia elegans x x x x x x x x x x x 
Insecta Coleoptera Staphylinidae x 
Insecta Coleoptera Gyrinidae Dineutus x x x x x 
Insecta Coleoptera Hrydophilidae x x x 
Insecta Coleoptera Hrydophilidae Helobata striata x x 
Insecta Coleoptera Ptilodactylidae Anchytarsus bicolor x x 
Insecta Coleoptera Dytiscidae x x x x x x x x x x x 
Insecta Coleoptera Dytiscidae Ilybius x 
Insecta Coleoptera Dytiscidae Ilybius biguttulus x 
Insecta Coleoptera Dytiscidae Laccornis difformis x 
Insecta Coleoptera Dytiscidae HydroporuslHygrotus x x x x x x x x 
Insecta Coleoptera Dytiscidae Hydroporus x 
Insecta Coleoptera Dytiscidae LiodessuslUvarus x x 
Insecta Coleoptera Ptilodactylidae Anchytarsus bicolor x 
Insecta Coleoptera Chrysomellidae x x x x x x 
Insecta Hemiptera Veliidae Rhagovelia obesa x x x x x x x x x x x 
Insecta Hemiptera Veliidae Microvelia x x x x 
Insecta Hemiptera Hydrometridae Hydrometra x 
Insecta Hemiptera Corixidae x x 
Insecta Hemiptera Corixidae Corisella edulis x 
Insecta Hemiptera Macroveliidae Macrovelia x x x 
Insecta Hemiptera Gerridae Gerris x 
Insecta Lepidoptera x x x x x x 
Insecta Lepidoptera Pyralidae x x 
Insecta Lepidoptera Pyralidae Petrophila species A x 
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AppendixB. Occurrence of select, commonly encountered fish species at each of the study sites for the five sampling dates on which both seine and 
electrofishing samples were collected. Sampling dates are denoted as follows: 1 = Spring 1992, 2 = Fall 1992, 3 = Spring 1993,4 = Fall 1993, and 5 = 
Fall 1994. Abbrieviations as in Appendix A. Additional abbreviations are: Tuck = Tuckahoe, Jump = Jumping Run. 
Degree of impact 
Low Medium High Very high 
Species GrnUp James Tuck Horse JnUp Cyp Deep Flat Mill PpDn GrnDn Jump JnDn MDDn McP Rebel 
Banded pygmy sunfish -234- 1----
Blackbanded sunfish -2-5 -2-5 12-45 
Dollar sunfish 12345 12345 1---- 1---- -2--- 12---
Wannouth ---4- 123-5 
Creek chubsucker ---4- -2-45 1234- ---4-
Lake chubsucker 12-45 -234- 12-45 ----5 12345 -2--- -2--- ---4- -2---
Lined toprninnow -234- 12345 12-45 1---- -2--- -2-4-
Sawcheek darter --3-- 12345 --34- 1-45 12-45 1-45 1--4-
Margined madtom 12-45 --345 -23-5 1-345 123-5 123-5 123-5 1-34- 1-345 123-5 12345 
American eel ---4- --3-- 1---- 12--- 123-- 12--- 12--- -2345 1----
Tesselated darter 1-3-5 -23-- -2-4- 123-- -2--- --3-- 123-5 1-3-5 -2--- 1---5 
Redbreast sunfish -2-4- ---4- ----5 ---45 ----5 12345 -2-45 --3-5 -2345 
Mud sunfish 123-- -23-- -23-- --3-- 123-- --3-- ----5 1---5 --34- 12---
Eastern mudminnow 12--- 1--4- --3-- 1-4- 12--5 -23--
Eastern mosquitofish -234- 12-4- -2-4- 12-45 
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Appendix C. Final report: Impacts on stream fish communities ofmilitary activities at Fort 
Bragg, North Carolina. (This report was submitted prior to the completion of invertebrate 
analyses). 
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The Fort Bragg Military Reservation is located in the Sand Hills of the Southeastern 
Coastal Plain ofNorth Carolina. Aquatic resources are appreciable with 40 perennial blackwater 
streams draining two major watersheds. The United States Army presently conducts military 
exercises including airborne and mechanized elements, as well as live fire exercises in the area. 
Areas cleared ofvegetation include: an extensive system of firebreaks running east-west, 
generally 0.2 miles apart; six major parachute jump zones, and three large live-fire impact zones 
(Fig. 1). 
The majority of streams flow north or south and frequently intersect firebreaks, and many have 
impact sites, and drop zones in their catchments, although there are some unimpacted streams in 
the watershed. The combination ofhuman modifications to the landscape and severe 
thundershowers generates rapid runoff, contributes heavy sediment loads to the streams and 
visibly degrades habitat in the most affected streams. 
In this study I categorized sixteen sites that represent a variety of impacts on streams and 
examined whether the fish community structure is associated with these categories and the quality 
ofstream habitat measured locally. 
A variety ofmultivariate techniques were used to categorize the sites. The categories 
were based on habitat measurements made during the late spring '92, fall '92, spring '93, and fall 
'93. These categories were compared to fish community data taken from the same sampling 
periods. The results of these comparisons show how fish community structure corresponds to 
habitat quality, which in tum reflects land-use in the respective catchments. 
I found that there are significant correlations between the habitat based categories and the 
fish community data. The overall results were that as the impact on the habitat increased, the 




Blackwater streams differ greatly from the small clearwater medium to high gradient 
streams that are usually studied by lotic ecologists (Benke and Meyer 1988 and Meyer 1990) 
Blackwater streams typically are low-gradient, higWy colored, low in pH, alkalinity, and 
conductivity, and have shifting sand bottoms. They contain a low amount of suspended matter 
except during brief spates but, have a high concentration ofdissolved particulate organic matter 
(DaM) (Smock, Gilinsky, and Stoneburner 1985 and Meyer 1990). The term "blackwater" refers 
to the tea colored runoff imparted to the stream by dissolved particulate organic matter leaching 
from the terrestrial vegetation. DaM is typically filtered out by the soil in most systems, but in 
blackwater streams the sandy substrate does not retain the DOM and it eventually flows into the 
streams. 
Headwater streams in forested systems are heavily dependent on the allochthnous input 
from the surrounding terrestrial system as a source ofenergy (Bilby and Likens 1980). Sticks and 
leaves or coarse particulate organic matter (CPOM) entering the stream are broken down into 
smaller particles by physical and biological processes to fine particulate organic matter (FPOM) 
and dissolved particulate organic matter (DOM). CPOM, FPOM, and DaM are ofvital 
importance to stream organisms for they drive the microbial and macro invertebrate communities 
which in tum fuel the fish communities. 
The availability of organic matter for primary and secondary production in blackwater 
streams has been shown to be a function ofthe amount of debris dams and woody habitat 
available (Smock, Metzler, and Gladden 1989, Angermeier and Karr 1984, and Bilby and Likens 
1980). This woody structure or "snags," as it is commonly known in the Southeast, serves as a 
retention device by slowing mean stream velocity that allows CPOM to accumulate which in tum 
is a food source for macroinvertebrates (Smock, Gilinsky, and Stoneburner 1985). Instead of 
allowing the CPOM to leave the system and wash downstream, this accumulation process results 
in the export ofFPOM and DaM. This seemingly simple process of nutrient retention by snags 
contributes greatly to the energy budget of the local stream community. (Bilby and Likens 1980). 
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Organic matter and nutrient storage in dams and in sediments behind these dams decrease 
spiraling lengths, thus increasing the rate of energy and nutrient supply to micro- and macro 
consumers, and hence potentially increasing secondary production (Angermeier and Karr 1984). 
The significance of snag habitat for the fishes ofblackwater communities is especially 
important for many insectivorous fishes such as sunfish, pirate perch, and catfish, although all 
species used snag habitat to some extent (Benke, Henry, Gillespie, and Hunter et al. 1985). Apart 
from the organic matter processing mechanisms, the physical habitat provided by snags would be 
expected to favor a richer fish community. 
Snags have many other important functions that include their influence on channel 
morphology. Research in small warmwater streams has suggested that woody debris may be 
more important in determining channel morphology of low-gradient, fine substrate streams than 
high-gradient, coarse-substrate streams for the following reason. Low gradient streams typically 
contain more fine material, which is scoured away less often than in high-gradient streams. The 
tendency for fine particles to distribute evenly results in low-gradient streams having relatively 
flat, homogeneous bottoms. Flow constrictions due to woody debris can mitigate this tendency 
by promoting particle-sorting and scour, thereby increasing depth, current, and substrate diversity 
(Angermeier and Karr 1984) and thus increasing the diversity of the fish habitat in addition to the 
effect of the debris itself 
Any disturbance to the snags will not only affect the availability offood for the fish 
community, but also affect the availability ofhabitat to the fish community. The military activities 
at Fort Bragg appear to be impacting the availability of snag habitat through landscape 
modifications resulting in excessive sedimentation and alterations of channel morphology and 
hydrology. 
The military officials of the Fort Bragg Military Reservation were receiving complaints 
from people living outside the base about the poor water quality in the streams draining the Fort 
Bragg Reservation, especially after thunderstorms. Although the streams would become quite 
turbid, the water promptly clears up within one or two days. The United States Army Corps of 
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Engineers became obligated to find out whether these periodic disturbances have an impact on the 
biotic community. 
PURPOSE 
I attempted to show in this study how the different land uses affect stream habitat quality 
by measuring the quality of the resident fish 'communities. It is hypothesized that the most 
degraded sites will have the "worst" communities, the most pristine sites will have the "best" 
communities, and the intermediate sites should fall somewhere between the two in quality. 
Gradients ofhabitat can be identified by using multivariate techniques to analyze the abiotic and 
biotic factors measured at the sites. Correlation analysis offish community factors and habitat 
classifications is used to indicate the probability that the fish community might be affected. 
Fishes were chosen for two reasons. First, they are sensitive to any changes in water 
quality and habitat degradation and are therefore useful indicators ofbiotic integrity (Karr, 
Fausch, Angermeier, Yant, and ScWosser 1986). Second, from preliminary site evaluation and 
information from another study (Fish and Wildlife Associates 1985), the fish in the area were 
relatively easy to capture using seining and backpack electroshocking. Finally, identifying and 
processing ofthe fish appeared to be relatively simple (Fish and Wildlife Associates 1985 and 
Menhinick 1991). 
SITE DESCRIPTION and EXPERIMENTAL DESIGN 
We chose sixteen fish sampling sites that were hypothesized to be representative of the 
range in degradation found on the Fort Bragg watershed (Fig. 1). The sites were primarily second 
order streams with the exception ofUnnamed Tributary, a first order stream which we named 
Rebel Run. Rebel Run was chosen for it was thought to represent a prime example of a severely 
impacted area. Second order streams were chosen because they have an adequate number of 
control sites and approximately similar fish capture efficiencies. Larger streams were not sampled 
because apart from having few replicates, they integrate the effects from two or more areas 
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affected to different degrees. The sites were representative samples of stream habitat, and 
included replicates of the different kinds ofdegradation that occurred in the watershed, varying 
from the most pristine areas to the most heavily impacted areas. Upstream and downstream sites 
on unpaved firebreak roads on the same streams were also chosen to show contrasts between 
upstream habitat versus road-impacted downstream habitat. 
There are two major land uses associated with the impacts to the streams (Fig. 1). The 
first source of impact comprises large areas completely cleared ofvegetation and is used primarily 
for parachute drops and target practice. They are commonly known as drop zones and live-fire 
impact areas, respectively, and range from one half to two square miles in area. The second type 
is unpaved firebreak roads. They generally run east-west at 0.2 mile intervals. 
MATERIALS and SAMPLING METHODS 
In February 1992 I did a preliminary site inspection and designed the study. Then for two 
successive years (1992 and 1993) I sampled the sixteen sites for fish and collected habitat data 
twice a year, once each in spring and fall. 
Fish Collection 
Sites were blocked off in the upper and lower end with 3/16 mesh blocknets. Fish were 
first sampled using a 3/16 inch mesh seine in the downstream direction taking care to sample all 
habitat types. The net was 6' x 4' and could easily be shortened to adjust to narrower settings. 
Next, the site was sampled in the upstream direction using a Smith-Root (Model 12) backpack 
electroshocker set at 1000 volts DC and pulse setting at 60 Hz for Spring 1992 and Fall 1992. 
The Smith-Root (Model 12 POW) backpack electroshocker set at 1000 volts DC and pulse 
setting at "J" and width setting at "6" (4 ms) was used for Spring 1993 and Fall 1993, settings 
which are exactly equivalent to those used on the earlier Model 12. Finally any fish in the bottom 
blocknets were removed and measured. Any large fish that could be easily identified were 
weighed, measured, and released. All other fish found in the seining, electrofishing, and the 
99
 
blocknets were anesthetized in MS-222 and preserved in 10% formalin solution for later 
identification and measurement in the laboratory. 
Environmental Data Collection 
We measured chemical and physical factors and discharge to ascertain whether that 
sampling conditions might effect the fish catchability among sites and to characterize the sites for 
future reference. Habitat data were recorded during each sampling period as a consensus of 
independent measurements from each of the four investigators. When returning to the same site 
on subsequent sampling trips, we repeated the habitat measurements and assessments without 
recourse to previously recorded data. We collected measurements for the following variables: 
1. Stream Bottom Composition (% Sand, % Silt, % Gravel, % Detritus, and % Clay) 
2. Woody Habitat (Hard Cover Rating (0-3)) 
3. % Area with Instream Vegetation 
4. % Stream with Undercut Banks or Rootwads 
5. % Stream with Submergent Vegetation 
6. Maximum Depth (in.) 
7. Average Depth (in.) 
8. Average Width (ft) 
9. Canopy Cover (0°_180°) 
10. Stream Character (% Riffle, % Run, % Hole) 
11. Discharge (ft.3/sec) 
These habitat values were estimated by individuals of the sampling crew and represented 
average values over each, entire site. In other words each person was asked to estimate a habitat 
value, such as canopy cover, over the entire site and then all the estimates were pooled and 
averaged for a final value. 
In addition to the habitat measurements 1-10, we also collected water chemistry data 
(Table 1,2,3) and measured discharge (Table 4). pH was measured using an Orion portable pH 
meter, Model 230 A. Conductivity (/lS·cm-1) measurements were also sampled directly using a 
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Yellow Springs Incorporated (YSI) portable conductivity meter, Model 33. Turbidity 
measurements (NTU) were made using a Hach portable conductivity meter, Models 16800 
(Spring '92, Fall '92, and Spring '93) and Model 2100 P (Fall '93), on water samples taken from 
the sites. Discharge was measured with a Marsh-McBimey portable water current meter, Model 
201D. 
Laboratory 
At the Champaign laboratory I identified the preserved fish to species, weighed them to 
the nearest 0.5 gram, measured them to total length in mm, and transferred them into 70% 
ethanol. Any fish that could not be easily identified were transferred to the illinois Natural 
History Survey Center for Biodiversity for final identification. I also deposited voucher specimens 
in the illinois Natural History Survey Fish Collection. 
ANALYSIS OF HABITAT DATA 
Preliminary Ranking 
The sites were initially chosen to provide contrasts between expected impacts from drop­
zone, pristine sites, and sites upstream/downstream from a major unpaved road. Following the 
first sampling trip, but before inspection of the data, we ranked and categorized the sixteen sites 
according to overall degree ofexpected impact on the biota. We tallied this preliminary ranking 
from a consensus ofopinions from the investigators of the project. The sites were categorized 
based on pre-analysis site evaluation and map inspection (Fig. 2). We hypothesized that in 
general drop zone/impact area runoff (low impact) would be less detrimental than"road runoff 
(medium impact). Drop zones/impact areas have better shielding resulting from the vegetation 
surrounding the sites, the riparian areas along the stream bank, and the catchment basins placed in 
and around the watershed, whereas road runoff enters directly into the stream without 
impediment. The exceptions to this expectation would be where drop zones/impact sites that had 
little protection and encroached directly on the stream, such as the high impact sites on Jumping 
Run and Rebel Run. 
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STATISTICAL ANALYSES 
Preliminary analyses were performed on the habitat data to reveal any unknown biases 
related to sequence of sampling prior to analyzing the fish community structure. P 0 .05 was 
used as the level of statistical significance for this and all subsequent analyses of habitat. Pearson 
rank correlations were executed on the four sequential sampling periods versus the habitat 
variables: hard cover rating, canopy cover, maximum depth, average depth, % stream with 
submergent vegetation, % instream area with vegetation, % stream with undercut banks or 
rootwads, % sand, % silt, % clay, % gravel, % detritus, % rifIle, % run, and % hole (Table 5). 
The probability of each correlation was adjusted using the Bonferroni correction. There was no 
significant trend in time found in any of the fifteen variables. Among four relatively strong 
correlations, there were three variables that showed a negative but not significant trend and one 
variable that showed a positive but not significant trend. They were hard cover rating, canopy, 
average depth, and % run. Although these were non-significant, they may reflect minor changes 
that occurred in the overall habitat. They are noted simply because they show relatively stronger 
correlations than other variables and may need to be addressed if any unusual results appear. 
Habitat AnalysislExploratory Data Analysis 
I used multivariate techniques to categorize the sites along a gradient of impact. The 
habitat data were averaged over the past four sampling periods into one dataset for analysis 
(Table 6). Fourier blob analysis was used to produce a visual summary of the different 
gradients among the sixteen sites. PCA was used to show the pattern ofclustering ofthe original 
habitat dataset, where n=64. Later, the averaged values ofeach site were used in PCA to 
delineate categories and compare them with the prior categories established independently. 
Preliminary PCAIFourier Blob Analysis 
Habitat data were first evaluated using Fourier's Blob analysis. Fourier blobs are polar 
coordinate Fourier waveforms. The process transforms the variables into a set ofwaveforms 
made up of sine and cosine components. Each waveform corresponds to a specific stream site. 
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Sites that have similar values across all variables have comparable waveforms. When these 
waveforms are transformed into polar coordinates, they look like blobs or amoebae (Systat 1989). 
Since many different measurement units were used in compiling the habitat data, I 
standardized the dataset using the procedure outlined in the Systat manual. Once the blobs were 
produced, I placed the blobs in the same order as our preliminary categories (Fig. 3). This was 
done in order to verify visually if there is a pattern in the blobs and if it corresponded to the 
hypothesized gradient of impact. Overall from pristine to high impact the blob shape would 
change from an asymmetrical to symmetrical shape. This analysis of the blobs could contrast with 
alternate interpretations by other researchers and be subject to many criticisms. After further 
research I found that the lack of resolution that I was observing in the blobs was probably due to 
too many gradients being evaluated at the same time. There were 15 variables being analyzed, 
each variable representing a distinct gradient running through each of the sixteen sites. Each 
gradient increased, decreased, and behaved differently within all the sites. When the dataset was 
evaluated, a complex set ofblobs was produced. The blobs were difficult to interpret due to their 
complex shapes that reflected the many different gradients. Clarification ofgradients being 
evaluated followed by blob analysis would probably enhance the ability to observe the gradient of 
impact. 
Principal components analysis (PCA) was used for gradient clarification and resulted in 
four main principal components that accounted for a 46.7461%, 19.3484%, 11.1739%, and 
10.0031% of the variance respectively (Table 7). Principal component 1 (pC 1) represented sites 
along the gradient of "high woody habitat-deep water-high detritus" => "low woody habitat­
shallow water-high sand." PC 2 represented sites along the gradient of "high silt-vegetation" => 
"high sand-no vegetation." PC 3 represents sites along the gradient of "high clay" ==> "low 
clay." PC 4 represents sites along the gradient of "high gravel" > "low gravel." 
I ran the factor scores ofPC 1 and PC 2 (Table 8) through the Fourier blob analysis and 
then ordered them in the same manner as our hypothesized categories (Fig. 4). A pattern was 
much more apparent in the new set ofblobs. At one extreme the pristine sites have the blobs with 
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the largest area and least similar size and shape. At the other extreme the high impact sites have 
the blobs with the smallest area and most similar size and shape. All sites have either circles of 
various diameters or a "lima bean" shape. The circular shape corresponds to the presence of 
woody habitat and sand. The "lima bean" shape corresponds to the presence ofinstream and 
bank vegetation in addition to the presence ofwoody habitat and sand. The size of the blob 
decreases with increasing impact. Overall the most obvious gradient that represents the gradient 
of impact is the simply the area of the blobs. Using the PCA in combination with the Fourier 
blobs analysis I was able to enhance and establish a habitat based gradient of impact. 
Principal Components Analysis ofAveraged Dataset 
Using plots of the first and second principal components we should see the pattern of 
clustering and finalize the categories. 
I plotted PC1 and PC2 (Fig. 5 and Fig. 5.1) to view the pattern of clustering ofthe n=64 
dataset. The pattern of clustering over the four sampling periods was very stable with sites 
showing very little change in habitat classification. I felt that using the averaged dataset (as with 
the Fourier Blobs) would not result in any loss of resolution. I performed PCA on the averaged 
n=16 dataset and plotted the first two components. PC1 and PC2 accounted for 66.0945% of 
the variation (Fig. 6). There appear to be five clusters representing four categories of impact. 
Two apparent clusters were of sites in the pristine category and one of each of the other three 
clusters was in the low, medium, and high impact categories. Although the two pristine clusters 
were very distinct from each other, both represented sites that either had significant amounts of 
woody habitat or vegetation that met our criteria for pristine conditions. The other three clusters 
had substantially less woody habitat and vegetation and positioned according to gradients in % 
sand, depth, and % silt. Cluster of sites could easily be demarcated to correspond exactly to the 






I ran Pearson rank: correlations on the three fish community factors (catch biomass, 
species richness, and Shannon-Weiner Index) versus the four sampling sequences to test for any 
trends (Table 9). The analysis reveals that correlations in the fish community factors over the four 
sampling periods are not significant at P 0 .05 level. I can feel safe using the habitat variables to 
make comparisons with the fish community, assuming that the four sampling periods are 
independent and exhibit no seasonal trend and no trend with time. 
Methods 
Once the habitat based categories were finalized, I used the fish data collected to make 
comparisons with the categories and see if there were any correlations. If the measure of fish 
community quality corresponded to habitat quality, then I could infer that a particular land use or 
gradient affects the habitat and results in a particular fish community type. 
I measured three indices of fish community structure: catch biomass, species richness, and 
Shannon-Weiner Index. I felt that catch biomass would be an indirect measure ofproductivity, 
species richness would be an indirect measure ofhabitat availability, and Shannon-Weiner Index 
would be an indirect measure ofhabitat diversity. These community measurements would be 
sensitive to any changes in habitat. I hypothesized that with increasing degradation from pristine 
to high impact there would be a corresponding decrease in catch biomass, species richness, and 
Shannon-Weiner Index score. 
Catch biomass is the total weight in grams of all fish captured from the seine, electrofisher, 
2and the bottom blocknet at each site. Each catch biomass total was standardized to a 100 m
surface area for each site during each sampling period. Biomass values for each site were 
calculated for each site and sampling period for a total of n=64 values. I sorted the biomass 
values using the four habitat-based classifications and plotted catch biomass versus the habitat 
based-classifications. Spearman rank: correlations were performed to test for significant trends. 
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Species richness is the number of species collected from a sample at each site. Each 
species richness value was standardized by dividing by the sampled surface area measured at each 
site during each sampling period. Species richness was then calculated for all sites and across all 
four sampling periods for a total ofn=64 values. The species richness values were then sorted 
using the habitat based classifications and plotted comparing species richness versus the 
classifications. Spearman correlations were performed on the plot to test for significant trends. 
Fish community diversity was calculated using the Shannon-Weiner formula, H'=-LPi In 
(Pi) , where Pi is the proportion of all individuals totaled for that site represented by the species i. 
I calculated diversity values for each site and for each sampling period for n=64 values. The 
Shannon-Weiner scores were sorted using the habitat-based classifications and plotted Shannon­




A total 28 species of fish were collected, 22 in the late spring 1992, 26 in the fall of 
1992,23 in the spring of 1993, and 27 in fall of 1993. The most species-rich site was James 
Creek with 23 species, which was classified as a pristine site by the habitat based classification. 
The least species-rich site was Rebel Run with 2 species, which was classified as a high impact 
site by the habitat based classification. 
Catch Biomass- The catch biomass measurements decreased with an increase in impact 
(Fig. 7). The results were Spearman rank correlation value rs=0.633, P« .001, n=64. 
Species Richness- The species richness value decreased with an increase in impact (Fig. 
8). The results were Spearman rank correlation value rs=.566, P « .001, n=64. 
Shannon-Weiner Index- The Shannon-Weiner score also showed a decrease with an 
increase in impact (Fig. 9). The results were Spearman rank correlation value rs=.443, P«.OOl, 
n=64. 
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DISCUSSION and CONCLUSIONS 
Fourier Blob and peA Analysis ofHabitat 
Initial analysis of the Fourier blobs revealed that the pristine and high impact sites showed 
great similarity in shape within their respective categories, but great differences among categories 
in blob shapes. Blobs of the low and medium impact sites showed less similarity within categories, 
and less difference among categories. What this suggests was that the habitat in the low and 
medium impact sites may not be very different from each other, while the pristine and high impact 
sites are very different from each other. Although the initial result of the Fourier's blob analysis 
was difficult to interpret, the technique showed its usefulness when the gradients analyzed were 
simplified using the first two principal components. Once the numbers ofgradient comparisons 
were reduced to two components, the degree of impact was easy to visualize by simply looking at 
the area of the blobs. The blobs with the largest area corresponded to the least impacted sites and 
the blobs with the smallest area corresponded to the most impacted sites 
I found through Pearson rank correlation analysis of the habitat variables versus the three 
fish community factors that the variables found in PC 1 and PC 2 were most correlated with the 
fish community indices (Table 10). Variables relating to woody habitat, depth, silt, sand, and 
vegetation were found to be highly correlated to the fish community indices. Neither clay nor 
gravel or, describing PC3 and PC4 were correlated (P>0.05) with fish community indices. 
Because PC3 and PC4 were not associated with differences between the fish community 
I was able to concentrate on PC1 and PC2 to categorize the sites. The gradient of impact is 
strongly related to habitat variables that are affected by the sand entering the system. The PC1 
gradient of "high woody habitat-deep water-high detritus" => "low woody habitat-shallow-high 
sand" accounted for the largest amount ofvariation. The PC 2 gradient ofhigh silt-vegetation 
> "high sand-no vegetation" accounted for second highest amount ofvariation. Both gradients 
are strongly influenced by the influx of sand, while PC3 and PC4 representing the gradients of 
"high clay" > "low clay" and "high gravel" -> "low gravel" are not as strongly influenced by 
the inflow of sand. The plotting of the PC1 and PC2 showed some distinct clustering (Fig. 6). I 
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could have grouped the low and medium impact clusters into one category, but the PCA plotting 
showed some separation. Upon further investigation the two groups are actually separated by 
land use. The low impact groups were all drop zones/impact areas and the medium impact groups 
were all road impact sites with exception of Jumping Run, a severely impacted drop zone/impact 
area site. This followed the initial categorization hypothesis that the drop zone/impact areas 
would be less impacted than the road impact sites. Another important note is the large separation 
between the upstream and downstream paired sites on Juniper Creek and Gum Branch. The 
upstream sites which were virtually unaffected by the road sediment were more highly rated than 
the downstream sites which received the all of the road sediment and rated poorly. 
Fish Community 
From the analysis comparing our habitat based categories versus the fish community 
factors I can definitely associate a particular land-use with certain fish community types. All three 
fish community factors significantly decreased relative to an increase in habitat degradation. 
The strongest correlation with the habitat based categories was with "catch biomass" 
which implies that the impact to the fish community has a strong relationship with food 
availability. The blackwater streams of the Southeast piedmont area are extremely unproductive 
and any limitation to the macroinvertebrates community would severely restrict the fish 
community biomass (Benke, Henry, Gillespie, and Hunter et al. 1985). The sand decreases the 
abundance ofmacroinvertebrates by scouring the woody habitat clean during high discharge 
periods. The sand also buries any woody habitat and fills in debris dams, preventing the build-up 
oforganic matter and subsequent colonization by invertebrates. Larger species such as the creek 
chubsucker, lake chubsucker, redbreast sunfish, and dollar sunfish are adapted to feeding off the 
detritus and woody habitat (Benke, Henry, Gillespie, and Hunter et al. 1985). 
Sand deposition also affects the amount of instream vegetation by decreasing the 
availability ofwoody habitat which in turn prevents particle sorting and increases localized flow. 
This limits the amount of silt and detritus (an important source of nutrients for plants and 
invertebrates) from settling in the system. These factors were less limiting at Horse Creek and 
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Tuckahoe Creek, where plants significantly increased the biomass of fish. Sand deposition affects 
fish productivity by limiting the amount of organic matter and aquatic macrophytes for 
macroinvertebrates to colonize. The limitation in available food would therefore limit fish 
production. 
The next strongest correlation compared with the habitat based categories was with 
species collected which implies that higher impact decreased the amount of available habitat for 
use by different species. Sand deposition affects the habitat, particularly factors relating to depth, 
woody habitat, and vegetation. Sand deposition also causes changes in stream character (% riftle, 
% run, and % hole), and substrate complexity (% sand, % silt, % clay, % gravel, and % detritus). 
The degradation of the habitat prevents many species from being able to persist by limiting the 
number of available niches. 
The decrease in depth by sedimentation decreases the amount of available habitat by the 
decreasing the overall volume ofwater by forcing much of the water to flow under the sand. 
There is little refuge from rapid temperature fluctuations caused by the shallow water and this 
would prevent less heat-tolerant species from using the habitat. High impact sites such as Rebel 
Run and McPherson have communities that are typically tolerant to higher temperature like 
Eastern mudminnows and Pirate Perch. Less impacted sites often have darters such as the 
Tessellated Darter and Sawcheek Darter that are very intolerant ofwarm temperatures (Page 
1991). 
The decrease in woody habitat and vegetation would restrict those species offish that 
rely on the woody habitat and vegetation for spawning, hatchery areas, and refuge from predators. 
Woody habitat and vegetation should also provide refuges for fish during the high discharges 
associated with the area's torrential rainfall. Therefore woody habitat and vegetation increase the 
habitat complexity and probably act as refugia during high discharge periods. It would follow that 
species such as sunfish that are often strongly associated with woody habitat, vegetation, and 
slower water, and would therefore more likely occur in our pristine and low impact sites as 
opposed to our medium and high impact sites. Nine species of sunfish have been collected during 
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the study. Of the nine sunfish species that occur, eight species are found in the pristine sites and 
low impact sites, five species occur in the medium impact sites and one species occurs in the high 
impact sites. 
Changes to the stream's physical character would restrict the availability ofhabitat for fish 
that are adapted to a section of the pool-riffle-run sequence. Decreasing the amount ofwoody 
habitat and vegetation in the system would decrease the amount of flow constrictions. This would 
mean loss of pool habitat and use by fish that are adapted to pool areas like sunfish. The 
occurrence of sunfish in sites would match the pattern referred to previously. There are no fish 
that are strongly associated with riffle habitat in our study, due to the fact that there is only a trace 
amount ofgravel and limited gradient to produce riffles in these systems. The influx of sand does 
increase the amount of run habitat which is typically high velocity and has little physical structure 
or cover for fish. 
The inflow of sand has a strong effect on the composition of the substrate. The loss of 
flow constrictions from structures such as debris dams, vegetation beds, and rootwads prevent the 
settling out and sorting of organic particles. The sand homogenizes the stream bottom by 
continuously replacing the existing substrate with sand. Without the flow constrictions to trap 
any organic matter such as silt and detritus the sand eventually takes over as the dominant 
substrate. The loss of substrate complexity should translate into low species richness. In 
comparing the species totals among the four categories, the pristine sites had 26 species; the low 
impact sites had 24 species; the medium impact sites had 22 species; and the high impact sites had 
6 species. As the amount of sand increased in the substrate the number of species did drop, but it 
did not drop dramatically until the high impact status was reached. This may reflect the high 
tolerance and persistence of the native species. Another factor may be that the habitat may not 
become a limiting factor until the high impact state is reached. The abundant habitat would still 
allow many species to exist without much interspecific competition. Judging by the number of 
fish captured during the study it's obvious that all the available habitat is not being used. In all we 
collected 3136 fish over the four sampling periods for an average of784 fish per sampling period. 
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These 748 fish were captured among 16 sites for a site average of 49 fish per site. This is a very 
small number offish for the surface area sampled. The results of the catch biomass data are also 
consistent with the theory of physical habitat under-utilization. At the highest impact sites the 
average catch biomass was 0.04 g/m2 and at the pristine sites the average catch biomass was 2.79 
g/m2, but this underestimates the contrast, because we severely underestimated the fish biomass in 
the pristine sites. However, these values are in stark contrast to some Midwestern streams where 
catch biomass can often be measured in Kg/m2 for areas of similar habitat. 
In a similar manner, the correlation between Shannon-Weiner Index and species implies 
that the habitat is becoming less complex and more one-dimensional in character. From the earlier 
parts of the discussion the influx of sand affected all aspects ofthe habitat. Loss of depth, woody 
habitat, and vegetation from sedimentation reduces habitat diversity. Losses of stream character 
(% riflle, % run, and % hole), and substrate complexity (% sand, % silt, % clay, % gravel, and % 
detritus) also reduces habitat diversity. In general the habitat shifts are from "deep water-high 
woody habitat-high vegetation" to "shallow-no woody habitat-no vegetation," from "rifile-run­
hole" stream character to just "run" stream character, and from "sand-silt-clay-gravel-detritus" 
substrate to just "sand" substrate. The best examples to show this type of shift in habitat is in our 
paired road impact sites on Juniper Creek and Gum Branch. The lower site receives all of the 
sand input and contrasts with the low impact upper sites. The Shannon-Weiner scores of the four 
sampling periods reveal that the upper sites generally had higher scores than the lower sites that 
reflects the loss of diverse habitat from excess sedimentation. The upper Gum Branch site had an 
average score of 1.37 for the four sampling periods while the lower section ofGum Branch had 
an average score of 1.31. The reason for the lack of difference between the upper and lower sites 
at Gum Branch is lost likely due to sampling difficulty. The upper site on Gum Branch was easily 
ten times more difficult to sample than the lower section which was relatively easy to sample. The 
upper Juniper Creek site had an average score of 1.42 for the four sampling periods while the 




This study found that there is an association between land use and the integrity of the fish 
community, and they are linked by impacts on the habitat through contrasting effects ofland-use. 
This can be summarized as follows: 
1.	 The key variables associated with the fish community structure were woody habitat, 
depth, silt, sand, and vegetation. 
2.	 A gradient of impact was indicated using Fourier Blob analysis based on the variables 
that appeared to be important in structuring the fish community. 
3.	 Subjective categorization of sites according to impact by trained biologists 
corresponded exactly to statistically derived categories. 
4.	 The first two axis of principal components analysis ofhabitat data provided the clearest 
correspondence among the various land uses. 
5.	 All three of the fish community indices used were negatively and significantly (p<.001) 
related to the site categories ordered by degree of impact. 
6.	 Habitat was probably not a limiting factor except the high-impact sites, Rebel Run and 
McPherson Creek. In other sites the fish community appears to be limited by food 
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Spring '92 Fall '92 Spring '93 Fall '93 
SITE pH pH pH pH 
CYPRESS CREEK 4.49 4.78 4.68 6.64 
DEEP CREEK 4.63 5.66 4.85 5.90 
FLAT CREEK 4.45 6.04 4.67 5.83 
GUM (D) BRANCH 4.74 4.84 4.75 5.50 
GUM (U) BRANCH 4.74 4.84" 4.75 5.50 
HORSE CREEK 4.47 4.25 5.18 6.51 
JAMES CREEK 5.04 4.83 7.52 5.66 
JUMPING RUN 5.10 5.25 5.45 4.08 
JUNIPER (D) CREEK 4.59 4.96 5.45 4.90 
JUNIPER (U) CREEK 4.59 4.96 5.45 4.90 
Ml:DUFRE CREEK 4.48 4.47 4.60 4.06 
McPHERSON CREEK 6.18 5.36 6.09 6.19 
MILL CREEK 4.61 5.69 4.66 6.37 
PUPPY CREEK 4.58 4.74 5.60 4.60 
REBEL RUN 6.26 5.76 5.93 4.89 
TUCKAHOE CREEK 4.35 4.48 4.46 5.81 
TABLE 1. pH values for all sampling periods. 
Spring '92 Fall '92 Spring '93 Fall '93 
Site (/-tS'cm-1) (/-tS· cm-1) (/-tS'cm-1) (/-tS·cm-1) 
CYPRESS CREEK 19 13 18 15 
DEEP CREEK 15 9 11 10 
FLAT CREEK 14 10 14 10 
GUM (D) BRANCH 15 10 12 10 
GUM (U) BRANCH 15 10 12 10 
HORSE CREEK 14 12 20 15 
JAMES CREEK 35 22 28 30 
JUMPING RUN 10 10 13 10 
JUN[PER (D) CREEK t2 11 14 10 
JUNIPER (U) CREEK 12 11 14 10 
,'vkDUFFI E CREEK [5 14 20 18 
McPHERSON CREEK 40 25 30 25 
MILL CREEK 13 9 12 20 
PUppy CREEK [3 10 10 12 
REBEL RUN 20 40 12. 17 
TUCKAHOE CREEK 15 15 18 15 
TABLE 2. Conductivity values for all sampling periods. 
Spring '92 Fall '92 Spring '93 Fall '93 
Site (NTU) (NTU) (NTU) (NTU) 
CY PRESS CREEK 3 1 4 1.77 
DEEP CREEK 7 5 11 12.9 
FLAT CREEK 5 5 10.5 4.95 
GUM (D) BRANCH 3 1 5 4.01 
GUM (U) BRANCH 3 1 5 4.01 
HORSE CREEK 3 1 23 3.55 
JAMES CREEK 3 3 14 7.51 
JUMPING RUN 4 5 9 7.95 
JUNIPER (D) CREEK 3 2 18 6.17 
JUNIPER (U) CREEK 3 2 18 6.17 
McDUffiE CREEK 3 1 5.5 1.5 
McPHERSON CREEK 11 10 IS 7.01 
MILL CREEK 6 2 4 5.65 
PUppy CREEK 3 2 3 3.8 
REBEL RUN 27 70 40 33.9 
TUCKAHOE CREEK 5 3 20 1.3 
TABLE 3. Turbidity values for all sampling periods. 








CYPRESS CREEK 5.25 2.57 4.57 2.06 
DEEP CREEK 5.43 4.24 12.22 5.63 
FLAT CREEK 7;03 6.03 16.02 7.40 
GUM (D) BRANCH 7.03 5.13 7.27 4.37 
GUM (U) BRANCH 7.03 5.13 7.27 4.37 
HORSE CREEK 1.12 1.07 6.17 3.22 
JAMES CREEK 6.92 1.84 4.92 3.73 
JUMPING RUN 4.78 3.9 9.54 5.18 
JUNIPER (D) CREEK Broken meter 2.77 10.86 6.35 
JUNIPER (U) CREEK Broken meter 2.77 10.86 6.35 
McDUFAE CREEK 2.25 2.43 12.38 1.89 
McPHERSON CREEK 1.87 0.57 2.5 1.85 
MILL CREEK 2.51 1.78 6.37 1.55 
PUppy CREEK !4.27 11.72 23.49 9.05 
REBEL RUN 1.08 2.72 1.7 ! 0.66 
TUCKAHOE CREEK 4.35 3.94 14.94 5.60 
TABLE 4. Discharge values for all sampling periods. 
TABLE 5. PEARSON CORRELATIONS TESTING TIME TRENDS IN HABITAT DATA
 





















File: Macintosh HD:NC 1:ANALYSIS:COM8INED:HA8ITAT:HA8ITAT AVERAGE
 
has 17 variables and 16 cases.
 
08S SITES HARDCO CANOPY MAXDEP AVEDEP 
1 CYP 2.250 150.000 34.500 12.750 
2 DEEP 2.125 127.500 37.500 11. 7S0 
3 FLAT 2.250 152.500 41.500 17.250 
4 GUMD 1.125 142.500 19.500 9.750 
5 GUMU 2.750 155.000 51.000 21.500 
6 HORSE 2.250 67.500 34.000 12.000 
7 JAMES 3.000 152.500 63.000 28.500 
8 JUMR 1.375 105.000 38.500 12.750 
9 JUND 1.375 135.000 35.500 9.000 
10 JUNU 1. 750 147.500 41.500 12.000 
11 MCD 1.500 135.000 27.000 7.500 
12 MCP 0.250 102.500 8.000 2.250 
13 MILL 2.125 135.000 31.500 16.250 
14 PUPP 1. 625 127.500 35.000 10.500 
15 REBEL 0.000 7.500 7.500 1.250 
16 TUCK 2.500 120.000 40.000 10.250 
aBS SWSV IAWV SWU80R SAND SILT 
1 4.250 0.000 57.500 53.250 8.125 
2 15.500 0.000 35.000 78.750 15.000 
3 9.250 0.500 65.000 86.250 0.125 
4 25.000 1.250 27.500 91.000 2.500 
5 6.250 3.000 40.000 6.250 16.000 
6 87.500 9.250 32.500 32.500 40.000 
7 16.250 0.500 61. 250 11.250 23.125 
8 15.750 0.250 32.500 94.750 0.250 
9 8.750 2.750 25.250 91.250 2.000 
10 17.500 7.000 27.500 62.000 25.000 
11 6.500 0.250 19.250 95.750 0.000 
12 1.750 0.000 3.000 99.500 0.000 
13 53.750 0.000 71.250 71.250 12.500 
14 7.500 0.500 37.500 83.000 3.125 
15 4.250 0.000 0.750 99.250 0.000 
16 41.250 32.500 31.250 ·17.250 43.000 
085 CLAY GRAVEL DETRITUS RIFFLE RUN 
1 1.250 6.750 30.625 0.000 82.500 
2 1.250 0.000 5.000 0.250 89.750 
3 0.000 2.750 10.875 0.000 75.000 
4 0.000 4.500 1.250 9.500 90.500 
5 0.000 2.375 75.375 1.000 73.500 
6 0.000 0.000 27.500 0.000 91. 250 
7 0.000 0.000 65.625 0.250 49.750 
8 0.750 2.500 1. 750 4.250 83.000 
9 0.000 2.750 3.500 2.750 91. 750 
10 0.000 1. 750 11. 250 2.500 83.250 
11 0.000 2.500 1. 750 1.750 95.250 
12 0.000 0.000 0.500 0.000 100.000 
13 10.000 1.250 5.000 0.500 92.000 
14 0.000 12.500 1. 375 7.250 86.500 
15 0.750 0.000 0.000 0.000 99.500 
16 0.000 0.000 39.750 1.250 88.750 
08S HOLE CATEGORY 
1 17.500 2.000 
2 10.000 2.000 
3 25.000 2.000 
4 0.000 3.000 
5 24.500 1.000 
6 8.750 5.000 
7 50.000 1.000 





11 3.000 3.000 
12 0.000 4.000 
13 7.500 2.000 





16 cases pri nted out of 16 cases i. n the fi le. 
TABLE 6. Averaged dataset used in Blob and PeA Analyses. 
TABLE 7. PCA components 1, 2, 3, and 4. 
PC1 PC2 PC3 PC4 
HARDCO 0.9441 -0.0195 0.1261 0.1727 
AVEDEP 0.9345 0.2552 0.1208 -0.0701 
MAXDEP 0.9280 0.1616 -0.0786 0.0730 
HOLE 0.8847 0.2296 -0.1421 -0.3094 
RUN -0.8675 -0.3387 0.1863 0.1548 
SAND -0.8601 0.3713 0.1693 -0.0817 
DETRITUS 0.8494 -0.1574 -0.2959 -0.1165 
SWUBOR 0.7325 0.3121 0.5407 0.0682 
SILT 0.5818 -0.7382 -0.0458 0.2560 
CANOPY 0.5619 0.5322 0.0670 0.2760 
IAWV 0.2464 -0.7109 -0.2353 0.4316 
SWSV 0.2286 -0.6743 0.4646 0.3214 
GRAVEL -0.1032 0.6448 -0.0404 0.5856 
CLAY 0.0286 -0.0379 0.9361 -0.0687 
RIFFLE -0.2729 0.4218 -0.1426 0.7327 
VARIANCE EXPLAINED BY COMPONENTS 
1 2 3 4 
7.0119 2.9023 1.6761 1.5005 
PERCENT OF TOTAL VARIANCE EXPLAINED 
1 2 3 4 
46.7461 19.3484 11.1739 10.0031 



















































TABLE 9. PEARSON CORRELATIONS TESTING TIME TRENDS IN FISH DATA 








TABLE 10. PEARSON CORRELATION MATRIX-HABITAT VARIABLES VS. FISH COMMUNITY FACTORS
 
HARDCO CANOPY MAXDEPTH AVEDEPTH PSWSV 
HARDCO 1.0000 
CANOPY 0.5533 1.0000 
MAXDEPTH 0.8017 0.4716 1.0000 
AVEDEPTH 0.7365 0.4753 0.8354 1. 0000 
PSWSV 0.2544 -0.0103 0.0925 0.1247 1.0000 
PIAWV 0.2631 0.0630 0.1739 0.0196 0.3924 
PSWUBOR 0.6005 0.3375 0.4502 0.5360 0.1006 
PSAND -0.7356 -0.3006 -0.6319 -0.5711 -0.3130 
PSILT 0.4945 0.2412 0.3275 0.2572 0.4161 
PCLAY 0.0423 -0.1387 -0.0019 0.0553 0.0132 
PGRAVEL -0.0366 0.1624 0.0016 0.0113 -0.1366 
PDETRITU 0.6131 0.2148 0.6040 0.5653 0.1205 
PRIFFLE -0.1837 0.0710 -0.1610 -0.1307 0.0202 
PRUN -0.5820 -0.3935 -0.7310 -0.7350 0.0672 
PHOLE 0.6188 0.3657 0.7609 0.7555 -0.0689 
BIOMASS 0.3397 0.2030 0.2470 0.1623 0.4655 
SHNWNR 0.5791 0.3408 0.4763 0.4370 0.2272 
SPECPMS 0.3171 0.2142 0.1912 0.0628 0.4590 
PIAWV PSWUBOR PSAND PSILT PCLAY 
PIAWV 1.0000 
PSWUBOR -0.0784 1. 0000 
PSAND -0.4717 -0.3071 1.0000 
PSILT 0.5857 0.1711 -0.6879 1. 0000 
PCLAY -0.0918 0.2608 -0.0084 -0.1219 1. 0000 
PGRAVEL -0.1977 0.1763 0.1523 -0.2910 -0.0656 
PDETRITU 0.2279 0.2175 -0.8443 0.2173 -0.0321 
PRIFFLE -0.1035 -0.0452 0.2053 -0.1882 -0.0965 
PRUN 0.0562 -0.3757 0.5187 -0.0785 0.0296 
PHOLE -0.0264 0.3866 -0.5599 0.1284 -0.0023 
BIOMASS 0.7697 0.1234 -0.4913 0.5245 -0.0061 
SHNWNR 0.2006 0.3749 -0.3419 0.3510 0.0042 
SPECPMS 0.6413 0.1052 -0.4003 0.5234 -0.0068 
PGRAVEL PDETRITU PRIFFLE PRUN PHOLE 
PGRAVEL 1. 0000 
PDETRITU -0.1175 1.0000 
PRIFFLE 0.6193 -0.2104 1. 0000 
PRUN -0.0740 -0.6375 -0.0616 1.0000 
PHOLE -0.0946 0.6756 -0.2085 -0.9630 1. 0000 
BIOMASS -0.1704 0.2832 -0.0522 -0.0701 0.0823 
SHNWNR 0.0017 0.1883 0.0461 -0.2409 0.2237 
SPECPMS -0.1963 0.1624 -0.0137 0.0533 -0.0490 
BIOMASS SHNWNR SPECPMS 
BIOMASS 1. 0000 
SHNWNR 0.3721 1. 0000 
SPECPMS 0.8643 0.3951 1.0000 
/ 
MATRIX OF BONFERRONI PROBABILITIES
 
BOLD VARIABLE LABELS SIGNIFICANT IN CORRELATION WITH FISH COMMUNITY INDEX.
 
HARDeo CANOPY MAXDEPTH AVEDEPTH PSWSV 
HARDCO 0.0000 
CANOPY 0.0003 0.0000 
MAXDEPTH 0.0000 0.0128 0.0000 
AVEDEPTH 0.0000 0.0110 0.0000 0.0000 
PSWSV 1.0000 1.0000 1.0000 1. 0000 0.0000 
PIAWV 1.0000 1.0000 1.0000 1. 0000 0.2049 
PSWUBOR 0.0000 0.9773 0.0290 0.0008 1.0000 
PSAND 0.0000 1.0000 0.0000 0.0001 1. 0000 
PSILT 0.0050 1.0000 1.0000 1.0000 0.0961 
PCLAY 1.0000 1. 0000 1. 0000 1. 0000 1. 0000 
PGRAVEL 1.0000 1.0000 1. 0000 1. 0000 1. 0000 
PDETRITU 0.0000 1. 0000 0.0000 0.0002 1.0000 
PRIFFLE 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000 
PRUN 0.0001 0.1981 0.0000 0.0000 1. 0000 
PHOLE 0.0000 0.4536 0.0000 0.0000 1.0000 
BIOMASS 0.9215 1. 0000 1. 0000 1. 0000 0.0163 
SHNWNR 0.0001 0.8959 0.0106 0.0468 1.0000 
SPECPMS 1.0000 1. 0000 1. 0000 1. 0000 0.0209 
PIAWV PSWUBOR PSAND PSILT PCLAY 
PIAWV 0.0000 
PSWUBOR 1. 0000 0.0000 
PSAND 0.0127 1.0000 0.0000 
PSILT 0.0001 1.0000 0.0000 0.0000 
PCLAY 1. 0000 1. 0000 1. 0000 1.0000 0.0000 
PGRAVEL 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000 
PDETRITU 1. 0000 1.0000 0.0000 1. 0000 1. 0000 
PRIFFLE 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000 
PRUN 1.0000 0.3395 0.0017 1.0000 1.0000 
PHOLE 1. 0000 0.2450 0.0002 1. 0000 1. 0000 
BIOMASS 0.0000 1. 0000 0.0057 0.0013 1. 0000 
SHNWNR 1.0000 0.3476 0.8706 0.6818 1.0000 
SPECPMS 0.0000 1. 0000 0.1602 0.0014 1. 0000 
PGRAVEL PDETRITU PRIFFLE PRUN PHOLE 
PGRAVEL 0.0000 
PDETRITU 1. 0000 0.0000 
PRIFFLE 0.0000 1.0000 0.0000 
PRUN 1. 0000 0.0000 1. 0000 0 .. 000,0 
PHOLE 1.0000 0.0000 1. 0000 0.0000 0.0000 
BIOMASS 1.0000 1. 0000 1. 0000 1.0000 1. 0000 
SHNWNR 1.0000 1. 0000 1. 0000 1. 0000 1. 0000 
SPECPMS 1. 0000 1.0000 1. 0000 1. 0000 1.0000 
BIOMASS SHNWNR SPECPMS 
BIOMASS 0.0000 
SHNWNR 0.3772 0.0000 
SPECPMS 0.0000 0.1889 0.0000 
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FIG. 2. Preliminary Classification of Sites. 
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FIGURE 3. Blob Analysis of n=64 Habitat Dataset­
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FIGURE 4. Blob Analysis of PCI and PC2 Habitat Data.
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FIGURE 5.1. PC 1 vs. PC2 Habitat Data Plot.
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FIGURE 6. 
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FIGURE 8. 
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